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PREFACE. 


The  following  pages  explain  as  simply  as  possible  the 
physical  laws  which  are  of  importance  in  using  Electricity  for 
Medical  and  Surgical  purposes.  'Fhey  describe  the  necessary 
apparatus  and  their  construction  ; they  give  a few  practical 
hints  about  the  apparatus  best  suited  under  special  circum- 
stances ; they  show  how  faults  may  be  avoided,  or,  at  any  rate, 
how  they  may  be  detected  and  rectified. 

Should  the  reader,  who  lacks  time  to  study  larger  works 
on  Electricity,  find  the  following  pages  a help  in  making  his 
electrical  instruments  familiar  to  him,  thus  facilitating  their 
management,  this  little  pamphlet  will  not  have  been  written  in 
vain. 

1892.  K.  SCHALL. 


The  pamphlet,  “Electro-Medical  Instruments  and  their 
Management,”  was  published  for  the  first  time  about  seven 
years  ago.  Since  that  time  many  Medical  Men  assured  me 
that  it  has  been  a help  to  them,  and  this  encouraged  me  not 
only  to  republish,  but  also  to  enlarge  it  considerably,  hoping 
that  the  new  chapters  may  be  found  useful  too. 

May,  1899.  . K.  SCHALL. 


TERMS. 


In  ordering,  please  mention  the  list  number  of  the  ajjparatus  to 
a\'oid  mistakes.  Detailed  printed  directions  for  use  are  sent  ivith  each 
instrument.  The  instruments,  which  are  made  of  the  best  materials 
onl}’,  are  guaranteed  for  proper  working. 

As  references,  we  have  given  the  names  cf  many  well-known 
members  of  the  medical  profession  and  hospitals  using  the  more 
elaborate  of  our  apparatu.s. 

The  prices  mentioned  in  this  Catalogue  are  subject  to  5 per  cent. 
di.scount  for  cash  with  order,  or  on  delivery  ; the  prices  are  net  after- 
ward.s,  and  5 per  cent,  per  annum  interest  is  charged  on  all  accounts  not 
settled  within  six  months  after  delivery. 

Packing  is  most  carefully  carried  out,  and  charged  at  cost  price,  but 
empty  boxes  cannot  be  allowed  for ; the  delivery  is  at  cost  and  risk 
of  consignee.  All  the  frequently  u.sed  apparatus  are  kept  in  stock, 
others  can  be  supplied  within  a reasonable  time. 

The  woodcuts  are  made  from  photographs  taken  from  the  instru- 
ment, but  as  electrical  apparatus  are  subject  to  frequent  alterations, 
we  cannot  guarantee  every  detail  to  remain  as  the  illustrations  show  them 
now.  Additional  lists  of  newly  constructed  apparatus  are  issued  from 
time  to  time. 

Klectro-medical  apparatu.s  of  every  de.scription  are  promptly  re- 
fjaired.  Jiatteries  are  kept  in  order,  and  U)oked  after  at  regular  intervals 
b)’  agreement. 

Second-hand  batteries  can  occasional!)'  be  obtained  at  consklerabl)’ 
reduced  prices  ; special  lists  about  them  are  published  from  time  to  time 
and  can  be  had  on  application. 

Hospitals  and  other  charitable  institutions  can  obtain  special  prices 
on  application. 

In  returning  batteries  for  re-charging  <ir  repair,  please  put  name 
and  address  of  sender  inside  the  battery  to  avoid  dcla)'s  and  mistake.s. 


TERMS  FOR  LENDING  OUT  BATTERIES. 


Freshly  charged  batteries  for  Galvanisation,  Electrolysis  ai^  Fara- 
disation, are  lent  out  to  medical  men  and  patients  for  one  month  or 
longer.  The  terms  depend  on  the  value  of  the  battery,  number  of  cells 
and  accessories,  and  vary  between  los.  6d.  and  45s.  per  month.  If  there 
is  any  freight,  the  consignee  has  to  pay  it  both  ways. 

If  a customer  decides  to  keep  a battery  after  having  hired  it,  the 
money  paid  for  hire  will  be  deducted  from  the  price  of  the  battery.' 

Patients  and  Nurses  arc  requested  to  pay  half  the  value  oj  the 
battery  as  a deposit.  This  money,  less  the  hire,  will  be  repaid  when  the 
battery  is  returned. 

Batteries  and  Instruments  for  Electric  Light,  and  Galvanic  Cautery, 
are  lent  out  to  medical  men  at  the  rate  of  10s.  6d.  per  week,  or  less  ; 5s. 

for  a month.  For  destroyed  lamps  and  platinum  burners  there  will  be 
an  extra  charge. 

In  returning  batteries,  please  put  name  and  address  of  sender 
inside  the  batter\-  to  a\'oid  mistakes. 

Skilled  assistants  can  be  sent  to  manage  batteries  during  operations. 
fi  IS.  is  charged  for  the  first  two  hours,  or  less,  including  the  loan  of  the 
necessary  batter)-  and  instruments,  and  3s.  6d.  for  any  following  hour  or 
part  of  an  hour.  If  railway  has  to  be  used,  second  class  return  tickets 
are  charged  in  addition. 

Instruments  for  taking  Roentgen’s  photographs  are  lent  out  with  all 
the  required  accessories.  The  prices  depend  on  the  size  and  number  of 
plates  required,  and  the  length  of  time  for  which  they  are  wanted,  and 
vary  from  £\  is.  to  ;^5  5s.  Skilled  assistants  can  be  sent  to  take  these 
photographs.  Terms  on  application. 
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ELECTRO-MEDICAL  INSTRUMENTS 
AND  THEIR  MANAGEMENT. 


LECTRICITY  is  the  result  of  some  kind  of  motion,  like  heat, 
light,  magnetism,  etc. ; it  is  closely  related  to  these  forces  and 
can  be  easily  converted  into  them. 

We  possess  many  means  and  ways  of  producing  it,  such  as 
friction,  chemical  action,  induction,  mechanical  power,  etc. 
All  these  methods  are  used  in  applying  electricity  for  medical 
purposes,  but  before  explaining  them  one  by  one,  it  will  be 
necessary  to  define  a few  general  expressions. 

Positive  and  Negative. — If  we  rub  a glass  bar,  or  a stick  of  sealing- 
wax,  with  a dry  cloth  or  fur,  and  apply  the  knuckle  to  the  rubbed  place, 
a small  spark  appears.  The  friction  has  electrified  the  sticks,  and  the 
consequence  thereof  is  that  they  attract  light  things,  such  as  pieces  of 
paper,  electrify  these  as  well,  but  repel  them  immediately  after  having 
touched  them.  A glass  bar  repels  a piece  of  paper  after  having  electrified 
it,  but  a stick  of  sealing-wax,  after  having  been  rubbed,  attracts  the  same 
paper  very  strongly.  This  shows  that  the  electricity  in  the  glass  bar  is 
not  the  same  as  the  electricity  in  the  stick  of  wax  ; that  is  to  say,  there 
are  two  kinds  of  electricity.  It  is  the  custom  to  call  the  kind  of 
electricity  produced  through  rubbing  a glass  bar  positive  electricity, 
and  the  electricity  produced  by  rubbing  a stick  of  wax  or  india-rubber, 
negative  electricit)'.  The  above  experiment  shows  that  two  bodies 
charged  with  the  same  kind  of  electricity  repel  each  other,  and  that 
bodies  charged  with  different  kinds  of  electricity  attract  each  other. 

Normal  Condition. — It  is  a mistake  to  imagine  that  the  friction  has 
charmed  some  new  strange  power  into  the  sticks.  It  will  be  more 
correct  to  suppose,  that  in  their  normal  (that  is  to  say  unrubbed)  con- 
dition, the  sticks  contained  negative  and  positive  electricity  in  equal 
quantities,  and  as  long  as  this  was  the  case  we  could  not  discern  the 
presence  of  the  power  at  all.  The  friction,  however,  disturbed  the  normal 
condition  by  separating  the  two  kinds  of  electricity  contained  in  those 
bodies,  and  under  these  conditions  only  can  we  detect  the  presence 
of  electricity. 

Conductors  and  Insulators, — The  separated  kinds  of  electricity 
can  be  united  again  by  means  of  a conductor.  After  rubbing  a glass  bar, 
or  a stick  of  wax,  we  find  that  it  has  become  electrified  in  the  rubbed 
places  only,  and  remains  non-electric  where  it  was  not  rubbed.  Obviously 
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therefore  electricity  cannot  spread  equally  over  glass  or  wax,  but  remains 
localised.  Substances  which  do  not  conduct  electricity,  such  as  gla.ss, 
silk,  ivory,  oil,  pure  water,  air,  paraffin-wa.x,  etc.,  are  called  non- 
conductors or  insulators.  Other  substances,  which  allow  electricity  to 
pass  freely,  such  as  all  metals,  carbon,  some  minerals,  etc.,  are  called 
conductors.  Between  conductors  and  non-conductors  there  is,  however, 
a third  class  of  materials,  which  do  not  conduct  electricity  nearly  as  well, 
as,  for  instance,  metals  do,  but  which  still  conduct  it  decidedly  to  a 
certain  extent ; such  as  acids,  salt  and  alkali  .solutions,  etc.  Such  fluids 
are  called  half-conductors.  Now  to  this  class  belongs  the  human  body. 

It  is  of  the  greatest  importance  and  convenience  that  there  are 
bodies  which  conduct,  and  others  which  do  not  conduct  electricity,  for  we 
are  thus  enabled  to  direct  the  electricity  exactly  to  the  spot  where  we 
desire  its  action,  and  to  send  it  along  metal  wires  which  are  supported  by 
insulators,  over  any  distance  we  like. 

By  rubbing  a glass  stick,  we  have  separated  the  positive  and  the 
negative  electricity  contained  in  the  stick : the  positive  electricity 
remained  in  the  glass  bar ; the  negative  passed  through  the  rubbing 
cloth  and  the  body  of  the  rubbing  person  into  the  earth.  In  rubbing  a 
metal  stick  we  separate  the  two  kinds  of  electricity  in  the  same  way  ; 
but  we  can  prove  this  only  by  insulating  one  end  of  the  metal  stick,  for 
instance,  by  cementing  it  into  a glass  tube,  and  holding  the  glass  tube  in 
our  hand  while  rubbing  the  metal.  If  we  were  to  touch  the  non-insulated 
metal  stick,  the  separated  negative  and  positive  electricity  would  get  re- 
united again  immediately  through  the  body  of  the  rubbing  person,  and 
would  leave  no  trace  at  all. 

For  a long  time  friction  was  the  only  means  known  to  electrify 
bodies  ; but  about  a hundred  years  ago,  Volta  and  Galvani  discovered 
another  and  far  more  convenient  method  to  produce  electricity,  t.e.,  the 
simple  contact  of  two  different  metals,  and  chemical  action.  They  there- 
by gave  the  first  impul.se  to  the  wonderful  development  of  electricity 
which  we  have  witnessed  in  our  day.  The  electricity  produced  in  this 
way  has  been  called  galvanic  electricity,  in  honour  of  one  of  its 
discoverers.  / 

GALVANIC  ELECTRICITY. 

Electro-motive  Force. — If  we  immerse  a piece  of  metal  in  .some 
fluid  which  has  the  power  of  acting  chemically  on  the  metal,  the  two 
kinds  of  electricity  are  .separated  too.  The  power  which  disturbs  the 
normal  condition,  and  separates  the  positive  from  the  negative  electricity, 
is  called  electro-motive  force.  The  I'i.M.h'.  is  in  some  proportion  to  the 
intcn.sity  of  the  chemical  action,  but  is  independent  of  the  size  or  shape  of 
the  metal. 

If  we  immerse  zinc  in  diluted  sulphuric  acid,  the  zinc  becomes 
negatively,  the  sulphuric  acid  a little  positively  electric.  Copper  im- 
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mersed  in  sulphuric  acid  becomes  negatively  electric,  but  not  so  strongly 
as  zinc.  Platinum  immersed  in  sulphuric  acid  gets  positively  electric, 
and  the  acid  becomes  negative.  This  shows  that  different  metals  react 
differently  with  one  and  the  same  liquid,  and  they  can  be  classified  in 
such  an  order  that,  in  contact  with  a liquid,  always  the  preceding  metal 
gets  negative  compared  with  those  that  follow.  This  order  changes 
slightly  with  various  liquids,  but  not  very  much.  In  diluted  sulphuric 
acid,  for  instance,  the  most  important  metals  follow  one  another  as 
follows  : Zinc,  iron,  lead,  nickel,  bismuth,  copper,  silver,  platinum,  carbon. 

By  immersing  at  the  same  time  two  different  metals,  the  one  of 
which  gets  negatively,  and  the  other  positively  electric,  in  the  exciting 
liquid,  we  increase  the  tension,  for  in  this  case  we  have  two  E.M.F.’s 
instead  of  one.  On  the  exciting  liquid  much  depends  too  ; zinc  and 
carbon,  for  instance,  have  twice  as  high  an  E.M.F.  if  dipped  in  chromic 
acid  than  when  dipped  in  sulphuric  acid  only.  Such  an  arrangement, 
i.e.,  two  metals,  or  a carbon  and  a metal  in  an  exciting  fluid,  is  called  a 
galvanic  element  or  cell.  Some  special  kinds  of  cells  will  be  mentioned 
later  on.  The  following  list  shows  the  different  metals  and  exciting 
liquids  of  which  the  cells  mostly  used  in  medical  electricity  are  com- 
posed, as  well  as  their  respective  E.M.F.’s. 

If  the  E.M.F.  of  a Daniell  cell,  i.e.,  zinc  in  diluted  sulphuric  acid, 
and  copper  in  saturated  solution  of  sulphate  of  copper,  is  equal  to  i,  the 
following  combinations  would  be  equal  to  : — 

Chloride  of  silver,  diluted  chloride  of  ammonium,  or  chloride 
of  zinc  solution,  zinc  (De  la  Rue’s  cell)  . . . ro 

Manganese  and  carbon,  saturated  chloride  of  ammonium 

solution,  zinc  (Leclanche  cell)  . . . . rqS 

Carbon,  bichromate  of  potassium,  diluted  sulphuric  acid, 

zinc  (Grenet  cell)  . . . . . r8 

The  same  element  with  bisulphate  of  mercury  Instead  of 
bichromate  . . . . 2'o 

Arrangement  of  Cells.— The  above  list  shows  that  no  single  cell 
possesses  an  E.M.F.  higher  than  two  units,  if  we  take  that  of  the  Daniell 
cell  as  one  unit.  For  reasons,  however,  which  we  shall  explain  later  on, 
a much  larger  E.M.F.  is  often  needed,  and  we  can  obtain  it  by  connecting 
several  cells,  so  that  the  zinc  of  the  first  cell  is  connected  with  the  carbon 
of  the  second,  the  zinc  of  the  second  with  the  carbon  of  the  third,  etc. 
In  this  way  we  add  the  E.M.F.’s.  of  the  single  cells  together,  and  if,  for 
instance,  forty  Leclanche  cells  are  connected  like  this,  the  E.M.F. 
between  the  two  end  poles  {i.e.,  the  first  carbon  and  the  fortieth  zinc), 
will  be  forty  times  as  high  as  that  of  a single  Leclanchd  cell.  To 
connect  the  cells  in  this  manner  is  called  connection  “ in  series  ; ” it  is 
the  most  frequently  used  method  of  connecting  cells.  There  are, 
however,  other  ways  of  connecting  elements,  but  as  these  are  of  import- 
ance for  cautery  only,  we  shall  explain  them  under  cautery. 
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Current. — As  soon  as  the  two  metals  are  connected  by  a conductor 
or  half-conductor,  the  two  separated  kinds  of  electricity  are  able  to 
reunite  again.  VV  hile  discharging,  the  electricity  accumulated  at  the 
poles  gets  less,  but  it  is  replaced  immediatel)'  by  the  K.M.F.,  .so  that  the 
discharge  goes  on  as  long  as  the  electrifying  cau.se  (in  this  case  the 
chemical  action)  exists,  or  till  the  circuit  gets  broken.  There  exists, 
then,  in  the  circuit  a continuous  current,  which  is  generally  supposed  to 
start  from  the  positive  pole,  and  to  pass  through  the  conductor  to  the 
negative  pole,  and  inside  the  cell  from  the  negative  metal  through  the 
exciting  liquid  to  the  positive  metal,  thereby  forming  a complete  circuit. 

The  larger  a cell  and  its  store  of  chemicals  is,  the  longer  will  it  be  able  therefore 
to  maintain  a current,  and  the  constancy  of  an  element,  i.e.,  the  length  of  time  for 
which  an  even  strength  of  current  can  be  got  out  of  it,  is  in  direct  proportion  to  its 
size. 

If  we  call  the  metal  positive  from  which  the  current  starts  into  the  conductor,  the 
copper,  for  instance,  is  positive  as  far  as  it  projects  above  the  liquid,  but  is  negative 
as  far  as  it  is  covered  by  the  liquid,  and  vice  versa  with  the  zinc. 

Resistance. — The  free  passage  of  the  current  depends  on  the  nature 
of  the  conductor  through  which  the  current  has  to  pass.  We  have 
already  mentioned  that  the  conducting  capacity  of  various  bodies  varies 
widely.  Metals  are  the  best  conductors,  but  even  they  differ  much.  For 
instance,  one  yard  of  copper  wire  allows  ten  times  as  much  electricity  to 
pass  as  one  yard  of  German  silver  wire  under  otherwise  equal  conditions. 
It  would  be  more  correct  to  say  that  German  silver  has  ten  times  the 
resistance  of  copper.  The  following  table  shows  the  resistance  of  some 
materials  ; wires  of  one  metre  length  and  one  millimetre  sectional  area 
have  the  following  resistance  : — 


Copper  .... 

0‘056  Units 

Iron  . . ; . . 

0-24 

Platinum  .... 

0-35 

German  silver  .... 

0-47 

Carbcjn,  as  u.sed  for  incandescent  lamps 

/6'0 

Salt  water  .... 

. 95000-0 

Diluted  sulphuric  acid,  i to  1 1 

. 280000  0 

Distilled  water 

1 00000000 

The  resistance  of  a body  depends  on 

its  length  and  diam 

The  resistance  increa.scs  with  the  length,  ten  yards  of  wire  having  twice 
as  much  resistance  as  five  yards  of  the  .same  wire.  If,  however,  the 
diameter  of  the  conductor  increa.scs,  the  resistance  decrca.ses  accordingly. 
The  resistance  of  the  human  body,  for  instance,  is  ten  times  less  if  we 
apply  electrodes  ten  inches  .square  than  if  we  apply  electrodes  one  inch 
.square  only. 

Up  to  now  wc  have  only  mentioned  the  external  resistance,  that 
is,  the  resistance  which  the  current  has  to  (n’crcf)me  outside  the  clement. 
The  current  meets,  herwever,  some  resistance  inside  the  cell,  and  this  is 
called  internal  resistance.  'I'hc  internal  resistance  dcjKjnd.s  on  the 
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conducting  capacity  of  the  exciting  liquid,  and,  moreover,  if  the  size  of 
the  metal  plates  gets  increased,  the  I'esistance  gets  diminished  accord- 
ingly, and  ince  versa.  If  the  external  resistance  is  great,  500  or  more 
ohms,  the  internal  resistance  of  the  battery  can  be  practically  neglected  ; 
if  the  external  resistance  is,  however,  as  small  as,  for  instance,  in  a 
cautery  burner,  the  internal  resistance  is  of  great  importance.  Some 
examples  will  follow  later  on. 

Polarisation. — There  is  another  obstacle  to  the  rapid  discharge  of 
electricity.  The  electric  current  decomposes  the  fluids  through  which  it 
is  passing  ; for  instance  it  decomposes  water  into  hydrogen  and  oxygen. 
As  soon  as  the  metals  of  a cell  are  connected  by  a conductor,  or  to 
express  it  shorter,  as  soon  as  the  current  is  closed,  bubbles  of  oxygen  gas 
appear  on  the  negative,  and  bubbles  of  hydrogen  gas  on  the  positive 
metal. 

The  quantity  of  the  produced  gas  is  exactly  in  proportion  to  the 
strength  of  current.  In  a cell  consisting,  for  instance,  of  zinc,  sal- 
ammoniac  and  silver,  the  silver  gets  covered  with  gas  bubbles  very 
shortly  after  the  circuit  is  closed,  and  then  the  cell  Consists  only  of  zinc 
and  hydrogen,  which  has  a very  much  lower  E.M.F.  than  zinc  and  silver. 
The  strength  of  current  decreases  very  considerably  in  consequence  of 
this  formation  of  gas,  and  therefore  the  first  consideration  in  constructing 
a cell  is  to  prevent  this  action,  which  is  called  polarisation. 

Depolarisation. — It  can  be  achieved  in  different  ways  : either  by 
shaking  the  metals,  or  blowing  air  into  the  fluid,  in  order  to  get  rid  of  the 
bubbles  mechanically  by  simply  shaking  them  off,  or  by  chemical  action. 
The  positive  metal  is  then  surrounded  with  materials  containing  plenty 
of  oxygen,  which  unites  eagerly  with  the  hydrogen  and  becomes  water, 
annihilating  thus  the  gas  bubbles.  For  this  reason  the  Bunsen  or  Grove 
cell  contains  nitric  acid,  the  Grenet  cell  chromic  acid,  the  Leclanch6  cell 
manganese  di-oxide,  and  the  chloride  of  silver  cell  chlorine. 

The  depolarisation,  as  we  call  this  process,  works  perfectly  in  the 
chloride  of  silver  or  Daniell  cell.  Such  cells  are  therefore  called  constant 
elements,  compared  with  a chromic  acid  cell,  for  instance,  in  which  the 
depolarisation  is  slow'^er  and  less  perfect,  and  which  is  called  inconstant, 
because  its  strength  of  current  decreases  after  a short  time.  A 
Leclanche  cell  is  constant  if  it  is  worked  for  short  intervals  only  or  with 
weak  currents ; but  it  is  inconstant  if  it  has  to  yield  a current  too  strong 
in  proportion  to  its  size,  or  if  it  remains  closed  for  many  hours  without 
rest.  In  order  to  get  a current  of  even  strength  out  of  an  inconstant 
element,  the  size  of  the  cell  should  be  made  rather  large  in  piroportion  to 
the  current  it  has  to  supply,  in  order  to  have  always  a spare  surface 
which  is  not  yet  covered  with  gas. 

Units. — It  became  necessary  soon  to  introduce  units,  in  order  to  be 
able  to  express  in  figures  the  amount  of  F.M.F.,  or  the  strength  of 
current  and  the  amount  of  resistance,  etc.  These  measures  were  at  first 
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arbitrary  and  varied  in  different  countries  ; an  International  Congress 
of  Electricians,  however,  decided  this  matter  in  Paris  in  i88i.  It  was 
agreed  there  to  derive  the  electrical  units  from  the  generally  recognised 
measures  for  length,  weight  and  time  (centimetre,  gramme  and  second) 
in  order  to  be  able  to  compare  the  effects  produced  by  electricity  with 
those  produced  by  other  physical  forces,  such  as  magnetism,  heat,  light, 
etc.,  and  moreover  they  agreed  to  name  the  different  units  for  E.M.F., 
strength  of  current,  resistance,  capacity,  etc.,  after  the  physicists,  who 
have,  by  their  great  discoveries,  materially  developed  the  knowledge  and 
usefulness  of  electricity,  such  as  Volta,  Ampere,  Ohm,  Faraday,  etc. 

The  unit  of  the  E.M.F.  or  potential,  which  has  been  chosen,  is  ver}' 
near  the  E.M.F.  of  a Daniell  cell,  and  has  been  called  Volt  (the  E.M.F. 
of  a Daniell  cell  is  = voy  volt). 

The  unit  of  resistance  is  i Ohm.  It  equals  the  resistance  of  a 
mercuric  column  of  i square  millimetre  sectional  area,  and  ro6  metre 
length  at  a temperature  of  32°  F. 

The  unit  of  strength  of  current  is  called  i Ampere.  It  is  the 
current  which  an  E.M.F.  of  i volt  produces  in  a circuit,  the  resistance  of 
which  is  I ohm.  A current  of  i ampere  deposits  4‘o8  grammes  silver 
p>er  hour,  or  develops  I7i’9  cubic  millimetres  mixed  gas  per  second,  if 
sent  through  water,  i ampere  is  too  much  for  medical  purposes,  and 
therefore  its  one-thousandth  part,  or  i milliampere,  has  been  adopted  as 
unit  for  measures  of  intensity,  in  accordance  with  a proposal  made  by 
Dr.  de  Watteville.  A source  of  electricity  with  an  E.M.F.  of  i volt 
passing  through  a circuit,  the  resistance  of  which  amounts  to  i,ocx)  ohms, 
produces  in  it  a current  of  i milliampere. 

In  the  following  pages  the  expression  ampere  hour  is  sometimes 
used  ; this  means  a current  of  i ampere  for  one  hour,  or  2 amperes  for 
thirty  minutes,  or  i milliampere  for  i,cxx)  hours,  etc. 

There  exist  other  units  besides  the.se ; for  instance  i coulomb  is  the 
work  I ampere  can  do  in  one  second  ; i farad  is  the  unit  for  electrical 
capacity.  For  our  purposes,  however,  there  are  only  volts,  amperes 
and  ohms  of  importance. 

Ohm’s  Law. — We  have  already  seen  in  the  previous  statements 
that  an  E.M.F.  of  i volt  produces  i amp6re  in  a circuit,  the  resistance 
of  which  is  i ohm.  If  we  increase  the  E.M.h.,  .say  to  5 volts,  we  shall 
find  that  the  strength  of  current  in  the  circuit  has  increased  to  5 amperes. 
The  strength  of  current  increases  therefore  in  the  same  proportion  as 
the  E.M.F.  In  increasing  the  resi.stance,  however,  the  strength  of 
current  is  diminished  ; 5 volts  can  .send  i ampere  only  through  5 ohms, 
or  only  ^ ampere  through  ten  ohms,  etc.  1 he  strength  of  current 
flecrea.scs  in  proportion  with  the  increase  of  the  resistance.  This  can 
be  expressed  by  the  formula  : — 

Electro-motive  force  ^ (^-urrent  ; or  shorter,  J;  = C'. 

Resistance 
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The  resistance  in  this  case  means  all  the  different  resistances  which  are 
in  the  circuit,  the  resistance  in  the  outer  circuit  as  well  as  the  internal 
resistance  of  the  battery.  This  law,  which  is  as  simple  as  it  is  important, 
was  discovered  by  Ohm,  and  has  been  named  after  him.  It  is  the 
foundation  stone  of  electrical  measurements,  and  it  is  practically  the 
only  electrical  law  which  has  to  be  considered  in  using  electricity  for 
medical  purposes.  No  knowledge  of  higher  mathematics  is  needed  in 
order  to  understand  it,  and  he  who  takes  the  trouble  to  grasp  and  learn 
to  use  it,  will  be  amply  rewarded  for  his  small  pain  by  finding  hardly  any 
more  theoretical  difficulties  afterwards  in  using  and  regulating  his 
batteries.  We  will  therefore  devote  a few  more  remarks  to  this  subject, 
and  quote  a few  examples. 

1.  — Thirty  Leclanche  cells,  each  of  which  has  an  E.M.F.  of  i'5  volt, 
and  an  internal  resistance  of  0'8  ohm  will,  with  an  external  resistance  of 
4800  ohms  yield 

4^volts Q.QQQ^  amperes  or  = Q‘3  milliamperes. 

(30  X 0'8)  + 4800  ohms 

2.  — Should  the  same  battery  be  used  for  electrolysis,  a method 
where  the  resistance  of  the  body  is  generally  much  smaller  in  conse- 
quence of  the  different  size  and  application  of  electrodes,  say  220  ohms, 
the  current  it  would  yield  would  be 


45  volts 


= O' 1 844  amperes  or  = i84'4  milliamperes. 


(30  X 0'8)  + 220  ohms 

3.  — If  the  same  battery  is  used  for  small  incandescent  lamps,  such 
as  are  required  for  illuminating  cavities  of  the  body,  the  resistance  of 
which  varies  between  8 and  25  ohms,  the  current  with  a lamp  of  22 
ohms  resistance  would  be 

, ; = 0'Q78  amperes  or  = 978  milliamperes. 

(30  X 0-8)  + 22  ohms  1 

4.  — This  current  is  sufficiently  strong  to  render  many  of  these 
little  lamps  incandescent,  but  if  in  consequence  of  polarisation,  or  of 
small  crystals  which  cover  zinc  and  carbon  gradually,  the  internal 
resistance  has  increased  up  to  l'6  ohm,  the  battery  would  be  too  weak 
to  bring  the  carbon  filament  to  white  heat,  for 

45  volts 

(30  X r6)  -b  22  ohms 


= 0'642  amperes  or  = 642  milliamperes 


5- — If  the  same  battery  is  connected  with  a platinum  burner,  such 
as  are  generally  used  for  galvanic  cautery,  and  which  have  about  0'02 
ohm  resistance,  the  30  cells  will  yield  a current  of 


45  volts 


= r8  amperes. 


(30  X 0'8)  + 0'02  ohms 
a strength  of  current  quite  insufficient  for  making  the  platinum  wire  even 
warm,  as  the  burners  generally  in  use  require  a current  of  9 to  16 
amperes  in  order  to  get  red  hot. 

6. — A bichromate  battery  with  two  large  cells,  however,  which  have 
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?ot  an  E.M.t.  of  2 volts  each,  and  only  0.03  ohm  internal  resistance, 
will  give  with  the  same  burner  a current  of 

4 volts 

^ = 50  amperes. 

(2  X 0-03)  + 0 02 

7- — With  the  resistance  quoted  in  example  i,  the.se  two  large  cells 
would  still  give  only 

— ^ = O'OOOS  amperes  or  = 0'8  milliamperes. 

0’06  + 4800  ohms  ^ ^ 

This  example  shows  why  the  current  of  a battery  with  2 or  4 large  cells 
is  sufficient  to  heat  or  even  to  fuse  platinum  wires,  which  offer  a small 
resistance  ; whereas  it  is  too  weak  to  be  felt  at  all  if  it  pa.sses  through 
the  high  resistance  of  the  human  body. 

8.  — Two  very  small  bichromate  cells,  which  have  the  same  E.M.F., 
but  ten  times  more  internal  resistance,  would  give  exactly  the  .same 
amount  of  current  as  the  two  large  cells  with  a high  external  resistance, 
for  : 

4Jvolts — ^ _ Q.QQQg  amperes  or  = 0‘8  milliamperes 

0‘6  + 4800  ohms 

We  shall  refer  to  some  of  these  examples  later  on. 

Ohm’s  law  does  not  only  help  to  find  out  the  strength  of  current  if 
the  E.M.F.  and  resistance  are  known,  it  akso  enables  us  to  find  out  the 
resistance,  if  we  know  the  E.M.F.  and  strength  of  current.  In  this  case, 
Ohm’s  law  reads  as  follows  : 

E.M.F.  _ j^egjg^.ance. 

Current 

9.  — For  in.stance,  if  the  strength  of  current  is  9 milliamperes,  and 
the  E.M.F.  of  the  cells  used  41  volts,  the  resistance  will  be: 

41  volts  , , . u 

^ . = 45.5  5 ‘5  ohm.s. 


0 009  amperes 

Lastly,  you  can  find  out  the  E.M.F.  if  you  know  the  resistance  and 
strength  of  current.  The  formula  then  reads  as  follows : Strength  of 
current  x resistance  = E.M.F.  For  instance : — 

10. — If  the  strength  of  current  is  184*4  milliamperes,  and  the  total 
re.sistance  244  ohms,  as  shown  in  example  2,  you  get 

0*1844  amperes  x 244  ohms  = 44*999  volts. 

Effects  produced  by  the  Electric  Current.— Before  closing  the.se 
general  remark.s,  we  have  to  mention  the  principal  effects  which  the 
current  produce.s. 

A magnetic  needle  is  deflected  from  its  direction  towards  north  if  a 
current  circulates  in  its  neighbourhf)od,  a cjuality  which  is  used  to  detect 
the  jjrcsence  of  a current,  and  to  measure  the  strength  of  it.  A piece  of 
steel  or  iron,  round  which  a current  passes,  gets  magnetic,  and  has  con- 
scfiucntly  the  power  to  attract  other  pieces  of  iron,  steel,  f>r  nickel. 
Fluids  arc  dccompf)scfl  by  the  current.  If  we  connect  two  metal  or 
carlxm  plates  with  a battery,  and  immerse  them  in  water,  the  current 
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will  decompose  the  water  ; oxygen  gas  appears  at  the  plate  connected 
with  the  positive  pole  (anode),  and  hydrogen  gas  on  the  plate  connected 
with  the  negative  pole  (kathode).  If  the  plates  are  immersed  in  a 
solution  of  metal  oxides — for  instance,,  sulphate  of  copper — metallic 
copper  will  be  deposited  on  the  plate  connected  with  the  negative  pole. 
If  we  send  the  current  through  the  human  body,  at  the  negative 
electrode,  potassium,  sodium  hydrogen,  etc.,  are  liberated  ; and  at  the 
positive  electrode,  oxygen,  chlorine,  acids,  etc.  Electrolysis  has  been 
chiefly  investigated  by  Faraday,  but  its  theory  is  very  complicated,  and 
not  at  all  sufficiently  solved  yet.  As  far  as  we  know,  the  chemical 
changes  take  place  at  the  poles  only,  but  not  between  them. 

If  electrodes  are  placed  on  the  human  body,  -and  the  current  is  sud- 
denly closed,  or  suddenly  broken,  the  muscles  will  contract.  Flashes 
appear  in  the  eyes,  noises  in  the  ears,  and  a peculiar  taste  on  the  tongue 
the  irritability  of  nerves  gets  diminished  near  the  anode,  and  increased 
near  the  kathode  ; alternating  currents  of.  very  high  frequency  produce 
local  anccsthesia  ; the  circulation  of  the  blood  and  the  nutrition  of  the 
tissues  gets  stimulated. 

The  current  heats  metallic  conductors,  carbons,  etc.,  in  passing 
through  them.  Bad  conductors  get  more  heated  than  good  ones.  If  a 
current  of  12  amperes  passes  through  a platinum  wire  of 'about  0'6  mil- 
limetre diameter,  the  wire  gets  red  hot,  so  that  it  can  be  used  for  burning 
away  tumours,  etc. ; and  if  a current  of  about  0'75  ampere  passes 
through  the  thin  carbon  filament  of  an  incandescent  lamp,  the  lamp 
gives  a brilliant  white  light,  which  we  use  for  illuminating  our  house.s, 
and  for  examining  cavities  of  the  body. 


APPARATUS  FOR  GALVANISATION  AND 
ELECTROLYSIS. 


Th©  Resistanc©  of  th©  Human  Body  varies  widely.  If  two  small 
metal  electrodes  of  one  centimetre  diameter  each  are  placed  on  the  dry 
skin,  the  resistance  will  be  near  icX),ooo  ohms.  If  we  use,  however,  larger 
electrodes,  about  5 centimetres  diameter,  cover  them  with  leather,  and 
place  them  on  the  skin,  after  having  well  soaked  them  in  warm  salt 
water,  the  resistance  will  not  be  more  than  about  3,000  ohms,  and  get 
less,  within  a short  time,  under  the  influence  of  the  current  itself  If  we 
introduce  an  electrode  into  the  rectum  or  vagina,  and  place  a large 
electrode,  8 inches  diameter,  on  the  abdomen,  the  resistance  will  be 
about  150  ohms,  or  even  less.  The  same  result  is  obtained  by  pricking 
the  skin  with  a few  needles,  for  it  is  principally  the  skin  which  offers 
the  great  resistance,  whereas  the  blood,  etc.,  conduct  comparatively  very 
well.  Still,  we  have  at  any  rate  ico,  and  in  most  cases  1,000  to  5,000  ohms 
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resistance  to  deal  with,  and  therefore  a large  number  of  cells  is  indis- 
pensable, in  order  to  obtain  with  these  resistances  currents  varying 
between  i and  loo,  or  even  more  milliamp6res. 

Which  are  the  most  suitable  Cells  ?-It  is  not  our  intention  to 
enumerate  all  the  cells  which  have  been  invented  since  Volta  till  to-day 
On  the  other  hand,  it  is  impossible  to  give  the  preference  to  one  certain 
cell  under  all  circumstances,  as  the  wants  and  wishes  differ  very  much. 
Any  cell  can  be  used  which  is  capable  of  yielding  the  desired  .strength  of 
current,  but  if  we  consider  convenience,  the  time  necessary  to  keep  a 
battery  in  working  order,  its  portability,  etc.,  the  number  of  useful  cells 
will  be  reduced  to  very  few  indeed,  and  these  few  only  will  be  mentioned 
here. 


In  choosing  a battery,  it  is  a consideration  whether  it  can  be  charged 
by  the  proprietor  himself,  or  whether  it  has  to  be  returned  to  the  maker 
when  exhausted.  In  the  latter  case,  the  battery  would  be  suitable  for 
those  medical  men  only  who  live  in  convenient  reach  of  the  manufacturer. 
The  capacity  of  the  battery,  i.e.,  the  amount  of  current  which  it  will  yield 
before  having  to  be  recharged,  the  cost  of  recharging,  the  price  of  the 
batter)',  and  its  size  and  weight,  are  important. 

E.M.F.  of  the  Cells. — It  stands  to  reason,  that  cells  with  high  E.M.F. 
and  small  internal  resistance  have  a considerable  advantage  over  cells 
with  low  E.M.F.  and  high  internal  resistance  ; for  50  chloride  of  silv'er 
cells  with  I volt  and  8 ohms  internal  resistance  each,  will  yield  with 
an  e.xternal  resistance  of  2,500  ohms, 

50  volts  , , 

(50  X 8 + 2,500  ohms  = = '7'"  mill, amperes. 

whereas  22  bichromate  cells  of  2 volts  and  0-3  ohm  each  would  yield 
in  the  same  ca.se 
44  volts 

(22  X 0-3)  + 2500  ohms  = °'°'75  amperes,  or  = 17-5  milliamperes. 

In  order  to  obtain  17  milliamperes  with  2,500  ohms  external  resist- 
ance, we  should  therefore  require  50  cells  of  i volt  each,  whereas  the  same 
result  could  be  obtained  already  with  22  cells  of  2 volts  each  ; and,  of 
course,  with  this  latter  kind  of  cells,  the  batteries  are  smaller  and  le.ss 
expensive  in  every  way,  on  account  of  the  smaller  number  of  cell.s. 

The  cells  most  frequently  u.sed  may  be  cla,ssified  in  two  groups: 
Cells  which  contain  acid.s,  and  where  the  zincs  therefore  have  to  be  taken 
out  of  the  fluid  after  the  battery  has  been  u.scd — Plunge  batteries  ; and 
ccll.s,  the  exciting  fluid  of  which  does  not  attack  the  zinc  as  long  as  the 
circuit  remains  open,  anrl  in  which,  con.sequcntly,  the  zinc  may  remain 
constantly  immersed  in  the  exciting  fluid. 

Leclanch^  Cells. — Let  us  first  consider  the  cell  which  is  more  used 
than  all  the  other  cells  taken  together — the  Leclanchd  cell,  h'or  galvan- 
isation anrl  clectrolysi.s,  there  can  hardly  be  found  a cell  more  reliable, 
anrl  in  every  way  more  convctiient  than  the  Leclanch6  cell,  provided 
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that  its  size  be  not  reduced  too  much  for  portability  s sake. 
E.M.F.  is  good,  I'S  volt,  and  the  internal  resist- 
ance is  moderate,  0-4  to  i ohm,  according  to 
the  size  of  the  cell.  As  long  as  the  circuit  is 
not  closed,  there  is  theoretically  none,  and,  prac- 
tically, very  little  local  action.  It  is  always 
ready  for  use,  and  a well  constructed  cell  will 
last  for  over  two  years  without  having  to  be 
seen  to  during  this  time.  Moreover,  every  part 
of  these  cells  is  so  easily  accessible  that  they 
can  be  cleaned  and  refilled  without  technical 
aid.  In  order  to  clean  Leclanch6  cells,  the 
crystals  which  stick  to  the  carbons  and  zincs 
have  to  be  scraped  off  with  a knife,  carbon  and 
glasses  should  be  washed,  and  after  the  cells  have  been  put  together 
again,  they  are  refilled  with  a saturated  solution  of  pure  sal  ammoniac. 

With  Leclanch6  cells,  as  with  most  other  cells,  it  is  of  the  greatest 
importance  not  to  select  them  smaller  than  absolutely  necessary,  for  the 
smaller  they  are  made  the  less  satisfactory  they  get.  Many  attempts 
have  been  made  to  make  them  as  small  as  l by  i by  4 inches,  but  they 
have  invariably  failed  up  to  now.  The  constancy  of  such  small  Leclanchd 
cells  is  insufficient,  and  for  various  reasons  the  local  action  is  greater  in 
the  small  cells  than  in  the  large  ones. 

Dry  Leclanch6  Cells. — If  portability^has  to  be  considered,  the  dry 
cells,  which  belong  to  the  Leclanchd  type  too,  have  great  advantages  over 
the  cells  containing  fluid,  for  there  is  no  liquor  to  be  spilled  or  to  corrode 
the  brass  parts,  and  there  is  no  glass,  etc.,  to  get  broken.  Their  internal 
resistance  is  a little  lower,  and  their  E.M.F.  a little  higher  than  that  of 
the  liquid  Leclanche  cells.  They  can  be  sent  charged  all  over  the  world, 
and  are  very  suitable  for  all  batteries  which  have  to  be  carried  about 
frequently. 

Their  only  disadvantage  is  that  the  cells,  after  being  exhausted, 
cannot  be  recharged,  but  have  to  be  replaced  by  new  ones,  and  this 
makes  the  refilling  rather  expensive.  On  the  other  hand,  batteries  filled 
with  good  dry  cells  will  certainly  last  for  fully  2 to  4 years  without 
requiring  recharging,  and  they  are  less  likely  to  require  repairs  than  those 
filled  with  liquor,  because  accidents  like  the  smashing  of  glasses,  and 
spilling  of  corrosive  fluids  cannot  happen,  so  that  the  difference  in  the 
cost  of  maintaining  the  batteries  is  not  quite  as  great  as  it  appears  at  first 
sight.  The  new  cells  can  be  sent  by  post,  and  can  easily  be  put  into  the 
place  of  the  old  ones,  so  that  the  battery  itself  need  not  be  returned  to 
the  maker. 

It  is  an  important  question  which  of  the  many  dry  cells  at  present 
on  the  market  are  the  best.  Comparative  tests  of  various  types  have 
been  published  in  electrical  papers,  but  though  we  have  no  doubt  that 
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the  experiments  were  made  by  competent  men  in  good  faith,  we  never- 
theless consider  most  of  these  experiments  as  misleading,  for  they  refer 
only  to  new.  cells,  while  for  our  purposes  it  is  of  little  interest  what  the 
cells  will  do  while  they  arc  new,  whereas  it  is  all  important  how  they  will 
keep  and  what  they  will  do  when  one,  or  two,  or  more  years  old.  We 
have  had  samples  of  most  of  the  existing  dry  cells,  but  as  far  as  our 
experience  as  to  durability  is  concerned,  Helle.sen  and  Obach’s  cells 
seem  to  surpass  all  the  others.  An  example  will  .show  this  best.  We 
have  taken  6 new  Obach  cells  (S  size)  and  6 cells  of  another  frequently 
used  type,  of  the  same  size  and  shape,  which  we  will  call  the  C celKs. 
The  cells  gave  the  following  results : — 
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This  shows  that  the  Obach  cells  have  lost  not  more  than  about 
3 per  cent  in  one  year,  while  the  C cells  have  lost  6o  per  cent  and 
are  practically  useless. 

If  another  proof  were  wanted  it  is  this  : we  have  sold,  during  the  last 
6 years,  many  thousand  Hellesen  and  Obach  cells,  and  not  a single 
complaint  has  reached  us  about  batteries  charged  with  these  cells. 
(N.B.  we  refer  here  to  batteries  for  galvanisation  and  electrolysis 
only.) 

Acid  Cells. — As  far  as  cleanliness  and  convenience  are  concerned 
the  acid  cells  have  decided  disadvantages  compared  with  Lechanch^ 
celLs.  As  they  must  be  plunge  elements,  the  ve.ssels  cannot  be  so 
well  closed,  and  evaporation  and  spilling  cannot  be  prevented 
altogether ; although  lately  thc.se  defects  have  been  considerably  im- 
proved by  means  of  suitably  shaped  ves.sels  and  india-rubber  floats. 
With  daily  use  an  acid  battery  has  to  be  cleaned  and  refilled  about  once 
in  every  three  months.  The  refilling,  however,  may  be  easily  performed 
even  by  the  mo.st  inexperienced.  As  the  acid  batteries  require  Ic.ss  skill 
to  be  kept  in  order  than  any  other  battery,  they  are  especially  suitable 
for  u.se  in  those  countries  where  technical  help  is  difficult  to  be  had,  such 
as  the  Colonies,  and,  moreover,  for  those  medical  men  who  do  not  u.se 
their  batteries  regularly.  It  take.s  no  more  than  an  hour  to  clean  the 
battery’  and  put  it  in  working  order  again,  even  if  it  has  stood  unu.scd 
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in  a corner  for  years.  They  have,  moreover,  the  advantage  of  being 
very  powerful.  They  have  a very  high  E.M.F.,  2 volts,  and  less  than 
0-05  ohm  internal  resistance,  so  that  22  acid  cells  are  even  stronger  than 
30  Leclanche  cells.  They  are  specially  suitable  for  the  strong  currents 
required  for  electrolysis.  The  zincs  last  several  years  with  average 
use,  and  can  be  easily  replaced  without  technical  help,  so  that  the 
owner  of  such  a battery  is  really  independent  of  the  maker.  All  acid 
cells  consist  of  carbon  and  zinc,  and  various  solutions  are  recommended 
for  them  ; vv'e  prefer  a solution  of  i oz.  of  bichromate  of  potassium,  20 
ozs.  of  water,  2 ozs  of  strong  sulphuric  acid,  and  l oz.  of  bisulphate  of 
mercury.  In  order  to  clean  the  cells,  the  vessels  have  to  be  filled  with 
water,^  and  the  elements  should  be  left  soaking  in  them,  over  night,  to 
dissolve  crystals,  etc. 

Number  of  Cells. — The  number  of  cells  a battery  ought  to  have 
depends  on  the  purposes  for  which  it  is  required.  Specialists  for  eye, 
ear,  and  throat  diseases  will  be  able  to  obtain  the  strongest  currents 
usually  applied  to  the  head  with  18  to  24  Leclanche  cells  ; that  is,  with  25 
to  35  volts.  General  practitioners,  surgeons  and  specialists  for  gynaeco- 
logy use  as  a rule  batteries  of  about  40  volts,  and  50  to  80  volts  are 
necessary  for  diagnostic  purposes  and  for  the  treatment  of  nervous  and 
paralytic  diseases. 

A suitable  number  of  cells  alone  is  not  yet  sufficient  for  a medical 
man  ; there  have  to  be  different  appliances  for  regulating  the  strength  of 
current,  for  interrupting,  reversing,  and  measuring  the  current,  and  for 
applying  it  to  the  body.  The  strength  of  current  can  be  regulated  in 
two  ways  ; either  by  varying  the  E.M.F.,  or  by  means  of  artificial  resist- 
ances. The  first  mentioned  method  is  more  frequently  used,  and  is 
managed  with  the  help  of  the  current  collectors. 

Current  Collectors. — The  current  collectors  help  to  increase  or 
diminish  the  number  of  cells  in  the  circuit,  thus  changing  the  E.M.F., 
and  regulating  the  strength  of  current.  They  ought  to  be  constructed 
so  that  the  current  is  never  interrupted  while  the  number  of  cells  is  being 
changed,  as  this  would  give  disagreeable  shocks.  This  demand  is  often 
the  cause  why  elements  are  destroyed,  as  we  shall  see  later  on.  More- 
over the  cells  should  be  put  in  the  circuit  one  by  one,  not  five  by  five, 
etc.,  as  this  would  also  cause  shocks. 

Crank  Collectors  are  most  frequently  used.  A number  of  pegs, 
equal  to  the  number  of  cells  in  the  battery,  are  arranged  in  a circle,  so 
that  a crank  can  be  brought  in  contact  with  every  one  of  these  pegs. 
The  cells  are  connected  with  these  pegs  ; a wire  leads  from  the  first  zinc 
to  the  negative  terminal,  another  wire  from  the  carbon  of  the  first  cell  to 
peg  I,  another  wire  from  the  carbon  of  the  second  cell  to  peg  2,  etc.,  and 
one  wire  leads  from  the  crank  to  the  positive  terminal.  By  turning  the 
crank  the  number  of  cells  connected  with  the  terminals  can  thus  be  con- 
veniently increased  or  diminished.  In  order  to  avoid  interrupting  the 
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Fig.  2. 


Fig.  3- 


current,  the  pegs  are  so  arranged  that  the  crank  touches  the  next  peg 
before  having  quite  left  the  former  one. 

As  long,  however,  as  the  crank  touches  two  peg.s,  for  instance  pegs 
5 and  6,  at  the  same  time,  the  6th  cell  is  short  circuited,  for  the  current 
can  pass  from  the  zinc  of  cell  6,  which  is  connected 
with  the  carbon  of  cell  5,  on  to  peg  5,  through  the 
crank  to  peg  6,  and  from  there  back  to  the  carbon  of 
cell  6,  without  finding  on  its  way  any  resistance 
worth  mentioning.  If  this  state  lasts  but  very 
shortly,  it  causes  no  damage,  but  if  it  lasted  for 
any  length  of  time,  the  short  circuited  cell  would  be 
exhausted.  It  is  therefore  important  with  all  ,crank 
collectors,  not  to  let  the  crank  rest  so  that  it  can  touch 
two  pegs  at  the  same  time,  as  Fig.  2 shows  ; the  crank 
should  always  touch  one  peg  only,  as  shown  in  Fig.  3. 

The  number  next  to  the  peg  on  which  the  crank  re.sts 
shows  the  number  of  cells  in  action.  This  kind  of 
collector  is  convenient,  but  they  have  one  drawback 
yet,  especially  if  used  with  batteries  contajning  a great 
number  of  cells,  viz.,  that  by  being  always  put  in  the 
circuit,  the  fir.st  cells  of  the  batteries  get  u.sed  up 
quicker  than  the  last  ones. 

Double  Collector. — In  order  to  avoid  this  drawback,  I have  con- 
structed the  double  collector.  It  has  two  cranks,  which  are  placed  on 

the  same  axis,  but  are  insulated 
from  one  another,  and  the  zinc 
of  the  fir.st  cell  is  not  connected 
any  more  with  a terminal,  but 
with  an  additional  peg  o.  One 
crank  is  connected  with  the 
positive,  and  tlie  other  with  the 
neirative  terminal.  Bv  means 
of  these  two  cranks  any  batch 
of  cells  may  be  in.serted,  and 
thereby  the  whole  battery  can 
be  u.sed  u|)  evenly.  An  index 
fitted  to  one  of  the  cranks 
|)()ints  to  a division,  thus  .show- 
ing the  number  of  cells  in 
action.  Finally,  by  means  of 
the  dmible  collector,  each  single 
cell  can  easily  be  connected 
Fig.  4.  with  a galvanometer,  and  tested, 

so  that  damaged  or  exhausted  cells  may  be  found  out  without  trouble. 
In  this'^way  the  double  collector  is  a great  convenience  in  testing  the 
battery,  and  no  doubt  it  is  the  best  current  collector  known  up  to  now. 
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Rheostats- — Batteries  provided  with  a good  current  collector  need  no  rheostat 
as  a rule,  but  for  eye,  brain,  ear,  and  dental  purposes  a rheostat  may  be  wanted. 
Rheostats  may  be  used  instead  of  the  current  collector  as  a means  of  regulating 
the  strength  of  current.  In  order  to  reduce  the  current  of  a battery  of  45  volts  to 
about  ^ milliamp^re,  the  resistance  required  would  be,  according  to  Ohm’s  law  : 

d’i  goooo  ohms, 

o'ooo5  ampere 

and  it  should  be  possible  to  diminish  this  resistance  gradually,  in  order  to  avoid 
all  shocks  in  increasing  the  currents. 


Liquid  Rheostats-— Liquid  rheostats  have  the  advantage  of  cheapness.  They 
consist  generally  of  a glass  tube,  the  lower  end  of  which  is  closed  with  a piece  of 
platinum,  which  acts  as  one  electrode.  The  second  electrode  is  a piece  of  zinc, 
which  may  be  moved  up  and  down  in  the  glass  tube.  If  the  tube  is  filled  with 
some  badly  conducting  liquid,  and  the  piece  of  zinc  is  drawn  out  as  far  as  possible, 
the  resistance  is  greatest.  The  number  of  ohms  depends  on  the  length  of  the 
tube,  the  diameter  of  the  electrode,  and  the  conducting  capacity  of  the  liquid. 
The  resistance  gets  diminished  by  moving  the  zinc  downwards.  As  decompo- 
sition must  take  place  in  these  rheostats  too,  small  gas  bubbles  form  on  the 
electrodes,  changing  the  surface  of  the  electrodes  and  the  resistance  continually. 
In  order  to  prevent  this,  a depolarising  substance,  for  instance,  chloride  of  zinc,  is 
mixed  with  the  water.  A weak  solution  of  chloride  of  zinc,  however,  depolarises 
only  a little,  and  would  therefore  prevent  the  gas  bubbles  only  with  very  weak 
currents  ; but  a strong  solution  of  chloride  of  zinc  conducts  pretty  well,  and  in 
order  to  obtain,  nevertheless,  a high  resistance,  the  glass  tube  would  have  to  be 
very  long,  a thing  which  is  impossible  with  portable  batteries,  and  on  account  of 
these  difficulties,  the  use  of  liquid  rheostats  will  always  be  limited. 


Metal  Rheotsats- — Metalfrheostats  are  most  frequently  used.  They  are  the 
only  suitable  ones  for  measuring  purposes,  as  they  are  the  most  accurateandthe  least 
subject  to  changes.  The  metal  rheostats  for  medical  purposes  are  provided  with 
a crank  like  the  current  collectors  ; each  peg  is  connected  with  its  neighbours 
with  long  and  fine  German  silver  wire,  through  which  the  current  has  to  pass,  till 
it  reaches  the  peg  on  which  the  crank  rests. , In  order  to  obtain  high  resistances 
without  making  the  number  of  ohms  between  the  various  pegs  too  great,  a good 
many  pegs  are  necessary.  As  a rule  several  crank  rheostats  are  arranged  so  that 
the  first  increases  the  number  of  ohms  10  by  10  up  to  say  200  ohms,  the  second 
100  by  100  up  to  2,000,  &c.  Such  rheostats  are  convenient,  but  they  are  big  and 
costly.  They  are,  as  a rule,  used  for  the  more  expensive  office  batteries  only 


Graphite  Rheostats.— Convenient  and  inexpensive  rheostats  of  low  or  high 
resistances  may  be  made  of  graphite,  and  they  can  be  so  arranged  that  the 
current  can  be  varied  without  giving  any  shocks.  The  only  disadvantage  of 
graphite  rheostats  is  that  the  conducting  capacity  of  the  graphite  varies ; this  makes 
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these  rheostats  quite  unfit 
for  measuring  purposes,  but 
it  is  of  no  importance  for 
rheostats  reejuired  only  for 
regulating  the  strength  of 
currents,  and  certainly  the 
graphite  rheostats  are  up 
to  now  the  most  suitable 
resistances  for  portable 
batteries.  They  are  best 
made  of  lead  pencils  ; the 


length  which  the  current  has  to  pass  through  can  be  varied  conveniently  by  a 
spring  gliding  on  the  pencils  as  shown  in  the  illustration. 


Galvanometers. — The  great  value  of  galvanometers  for  medical 
purposes  has  been  so  universally  recognised  in  recent  years,  that  it  will 
hardly  be  necessary  now  tp  say  much  in  their  favour.  Their  purpose  is 
to  measure  the  strength  of  the  current  while  it  passes  through  the  patient, 
and  to  enable  the  physician  to  dose  the  current  accurately,  notwithstand- 
ing the  great  difference  in  the  resistance  and  the  sensation  in  different 
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patients,  and  notwithstanding  the  changes  and  differences  of  batteries. 
For  administering  electricity  properly,  they  are  about  as  important  as  a 
.scale  is  for  administering  drugs  ; and  there  is  good  rea.son  to  .say,  that 
their  introduction  through  Drs.  v.  Ziems.sen,  De  Watterville,  Edelmann 
and  Gaiffe,  mark  a turning  point  in  electro-therapeutics. 

Horizontal  op  Voptical  Galvanometers? — When  galvanometers 
first  came  into  use,  the  vertical  form  was  preferred  because  it  is  certainly 
easier  to  read  from  a vertical  scale  than  from  a horizontal  one.  But  it 
was  soon  discovered  that  vertical  galvanometers  with  permanent  magnets 
are  unreliable,  in  con.sequence  of  the  changes  in  the  magnetism  of  the 
needles.  The  magnetism  of  the  needles  change.s,  but  the  directing 
power  of  the  weight  (or  magnet)  which  causes  the  needle  always  to 
return  to  the  o point,  does  not  change.  The  changes  of  magnetism  occur 
certainly  in  horizontal  galvanometers  too,  but  here  they  have  no  influence 
on  the  accuracy  of  the  division,  for,  if  the  amount  of  magnetism  in  the 
needle  were  to  change  after  the  graduation,  the  directing  influence  of  the 
earth’s  magnetism,  and  the  deflecting  influence  of  the  current,  change  in 
exactly  the  same  proportion,  and  thus  the  angle  of  deflection  remains 
the  same.  The  horizontal  galvanometers  came  therefore  into  general  use. 
For  about  lO  years  they  were  the  only  reliable  instruments  known  ; in 
these  last  yeans,  however,  a new  kind  of  galvanometer  has  been  con- 
structed which  can  be  used  in  any  position.  These  instruments  will  be 
described  later  on  as  d’Arsonval’s  galvanometers. 

Suspension  of  the  Mag'net. — The  inertia  is  slightest  in  the  case  of 
instruments  the  magnet  of  which  is  suspended  on  a cocoon  fibre,  and  in 
this  case  the  friction  also  remains  always  the  same.  Such  instruments 
have  therefore  the  great  advantage,  that  in  the  case  of  their  graduation 
being  correct  for  a certain  locality,  this  graduation  will  always  remain 
correct  and  reliable.*  These  are,  no  doubt,  the  most  sensitive  instru- 
ment.s,  as  currents  up  to  ^^th  or  even  ^ milliampere  can  be 

mea.sured.  In  all  cases  where  perfect  accuracy  is  required,  only  such 
apparatus  .should  be  u.sed.  As  these  in.struments  are  .somewhat  delicate 
and  expensive,  we  employ  for  portable  batteries,  galvanometers  the 
magnets  of  which  are  suspended  on  a steel  point,  as  in  a compass. 
Ordinary  .sewing  needles  are  used  now  for  this  purpose,  which  can  be 
easily  replaced  by  new  ones  from  time  to  time  in  order  to  keep  them 
sharp  and  the  instrument  sensitive. 

D’Arsonval  Galvanometers. — The  galvanometers  described  up  to 
now  are  provided  with  a movable  horse  shoe  magnet,  which  is  deflected 


* This  is  not  literally  correct,  as  the  terrestrial  magnetism  also  varies  and 
vraduallv  increases.  For  instance,  in  London  the  earth-magnetism  at  the  present 
time  isaLut  rSz,  and,  if  the  increase  of  the  latter  continues  at  the  same  ratio  as 
hitherto,  it  will  l>e  about  r86  in  ten  years.  A galvanometer,  which  now  shows  with 
perfect  accuracy  a current  of  lo  milliampL'res,  would  then  with  the  same  current,  at 
this  increased  ratio  of  intensity  of  carth-magnctism.  not  indicate  more  than  9 97 
milliampires,  thus  being  2 per  cent  wrong. 
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from  its  direction  toward  the  north  pole  by  an  electrical  current  circulat- 
ing in  its  neighbourhood.  Lord  Kelvin  suggested  to  replace  this 
permanent  magnet  by  a solenoid,  and  other  scientists  made  practical  use 
of  this  idea.  Many  turns  of  a fine  insulated  wire  are  wound  on  a frame 
of  aluminium  which  is  suspended  between  2 points  so  that  it 
can  move  freely.  Two  hair  springs  keep  the  frame  in  a certain  position, 
and  at  the  same  time  conduct  the  current  to  the  solenoid.  As  long  as  a 
current  passes  through  the  solenoid  it  is  attracted  or  repelled  according 
to  the  polarity,  by  a current  circulating  in  the  neighbourhood,  and  the 
elasticity  of  the  hair  springs  is  the  power  which  has  to  be  overcome  and 
which  brings  the  frame  back  to  its  original  position  as  soon  as  the  current 
ceases.  These  galvanometers  are  therefore  quite  independent  of  the 
terrestrial  magnetism,  and  can  be  used  in  horizontal,  vertical,  or  any 
other  position.  Moreover,  they  are  protected  by  a horse  shoe  magnet 
which  acts  as  a screen  against  disturbing  influences  from  outside.  The 
galvanometers  with  a magnet  dependent  on  the  north  pole  are  so  much 
influenced  by  the  currents  supplied  for  lighting  houses,  that  it  is 
impossible  to  take  exact  measurements  in  houses  lit  by  electricity, 
whereas  these  new  galvanometers  remain  correct  even  in  close  proximity 
of  dynamos. 

These  advantages  render  the  d’Ansonval  galvanometers  specially 
useful  for  all  apparatus  utilizing  currents  from  the  main,  they  are,  how- 
ever, equally  convenient  for  batteries,  their  only  drawback  is  that  they 
are  more  expensive  than  the  galvanometers  with  horse  shoe  magnet. 

Shunt. — According  to  Dr.  de  Watteville’s  suggestion,  all  medical 
galvanometers  are  divided  into  milliamperes.  In  order  to  be  able  to 
measure  weak  currents  for  galvanisation  as  well  as  strong  currents  for 
electrolysis  with  the  same  instrument,  most  galvanometers  are  fitted  with 
one  (or  two)  shunt,  which  can  easily  be  switched  on  and  off.  As  long  as 
this  shunt  is  not  used,  the  whole  current 
has  to  pass  through  a long  fine  wire, 
which  is  arranged  so  as  to  make  the 
magnet  decline  from  the  magnetic 
meridian.  If,  however,  the  shunt  is 
brought  into  action,  by  screwing  a screw 
marked  10  home,  the  current  finds 
another  passage  through  a short  and 
thicker  wire,  which  is  wound  so  as 
not  to  influence  the  magnet,  and  in 
this  way,  two  paths  being  open  to 
the  current,  it  will  divide  itself  among 
both,  so  that  its  strength  in  each  branch 
is  inversely  proportional  to  the  resistance  of  the  wire.  If,  for  instance,  the 
resistance  of  the  shunt  wire  is  chosen  so  that  its  resistance  is  J^th  of  the 
resistance  of  that  wire  which  makes  the  needle  decline,  only  y\j-th  of  the 
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current  will  flow  through  the  latter  wire  and  through  the  shunt  wire. 

The  magnet,  therefore,  will  be  influenced  by  only  ^‘^th  of  the  current 
which  actually  pas.ses  through  the  galvanometer,  and  consequently  the 
numbers  indicated  on  the  dial  have  to  be  multiplied  by  ten  in  order  to 
find  the  real  strength  of  the  current.  A galvanometer,  for  instance, 
which,  without  the  shunt  indicates  up  to  25  milliamperes  one  by  one, 
will,  if  the  shunt  is  used,  show  up  to  250  milliamperes  10  by  10.  The 
resistance  of  the  shunt  can  also  be  so  arranged,  that  the  numbers  on 
the  dial  have  to  be  multiplied  by  100. 

Voltmeter. — If  the  resistance  of  a milliampere  meter  has  been 
increased  up  to  i,ocxD  ohm.s,  it  can  be  used  for  measuring  E.M.F’.s.,  for  as 
a current  of  i volt  produces  i M.A.  in  1,000  ohms,  the  number  of 
milliamperes  are  equal  to  the  number  of  volts  as  long  as  the  resistance  in 
the  circuit  is  i,ooo  ohms.  The  body  of  a patient,  or  any  other  unknown 
resistance,  must  therefore  not  be  in  the  circuit  while  the  E.M.F.  of  the 
cells  is  being  measured. 

If  the  strength  of  current  obtained  through  a patient  is  known,  and 
the  E.M.F.  of  the  cells  which  has  been  used  to  produce  the  above 
strength  has  been  measured  in  volts  in  the  way  just  mentioned,  the 
resistance  of  the  patient  can  be  found  out  with  the  formula ; — 


E.M.F. 

Current 


= Resistance. 


( See  example  9,  page  8. ) 

A galvanometer,  the  sensitiveness  of  which  has  been  reduced  by 
screwing  home  the  shunt,  is  of  course  insensible  to  weak  currents  ; on 
the  other  hand,  however,  one  single  cell  is  already  sufficient  to  deflect  the 
needle  of  a galvanometer  to  a right  angle,  as  long  as  there  is  not  the 
resistance  of  a patient  in  a circuit. 

Current  Reversers,  Current  Combiners.— It  is  important  for 
most  physicians  to  po.sse.ss  an  arrangement  which  makes  it  possible 
suddenly  to  close  or  interrupt  the  current,  or  else 
suddenly  to  connect  with  the  negative  pole  the 
electrode  hitherto  connected  with  the  positive  pole, 
and  vice  versa.  These  sudden  changes  produce 
contractions  of  the  mu.scles,  the  intensity  of  which 
depends  on  the  strength  of  the  current,  and  the 
sen.sitivene.ss  and  healthiness  of  the  mu.scle.  They 
are  therefore  very  important  for  diagnosis.  To  inter- 
rupt and  to  reverse  the  current  can  be  managed  with 
one  single  instrument,  of  which  we  add  a diagram. 
The  negative  pf)le  of  the  batter}'  is  connected  with 
VV  and  N,  the  positive  jjole  with  the  metal  piece  between  thc.se  two. 
W'hilc  the  crank  pf)ints  towards  N (normal),  as  the  drawing  show.s,  the 
crank  on  the  right  hand  side  is  connected  with  the  negative  ixile,  and 
the  crank  on  the  left  hand  side  with  the  positive  pole.  Hy  moving  the 
cranks  slightly  to  the  left,  so  that  they  rest  on  W and  N,  both  cranks  arc 
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in  contact  with  the  negative  pole,  consequently  there  is  no  current  at  all  ; 
but  if  we  move  the  cranks  further,  so  that  they  point  tovvards  W,  the  left 
hand  crank  is  connected  with  the  negative,  and  the  nght  hand  crank 
with  the  positive  pole.  From  each  crank  a wire  is  leading  to  a termina 
screw.  Current  reversers  are  manufactured  in  many  shapes,  but  in 
principle  their  construction  is  always  the  same. 

Cuppent  Altepnatop  and  Combinep.— In  order  to  be  able  to 
change  the  continuous  or  the  faradic  current  suddenly,  without  having 
to  connect  the  electrodes  with  other  terminals,  and  in  order  to  be  able 
to  apply  at  the  same  time  continuous  and  faradic  currents  combined, 
Dr.  De  Watteville  has  suggested  a convenient  apparatus,  which  out- 
wardly resembles  a current  j. 
reverser,  and  of  which  we  add  ^0 
a diagram  too  (Fig.  8).  While 
the  cranks  point  to  G,  the  fd 
galvanic  current  is  connected 
with  the  terminals ; while  the  (6 
cranks  point  to  F,  the  faradic 
current  is  connected  with  the 
terminals  ; and  while  they  stand  half  way  (G  F),  the  galvanic  and 
faradic  currents  are  connected  with  each  other  in  series,  t.e.,  the 
continuous  current  has  to  pass  through  the  bobbin  of  the  induction  coil 
and  the  patient,  and  the  faradic  current  has  to  pass  through  the  patient 
and  all  the  cells  of  the  continuous  current  battery.  Thus  both  currents 
pass  through  the  patient  at  the  same  time. 

Copds. — Two  connecting  cords  of  suitable  length,  covered  with  some 
insulating  material,  are  necessary  for  conducting  the  current  from  the 
battery  to  the  patient.  Insulated  copper  wire,  which  is  bare  for  half 
an  inch  at  both  ends,  is  sufficient ; but,  on  account  of  the  greater  flexibility, 
cords  made  of  some  twelve  very  fine  wires,  terminating  on  both  ends  in 
short  and  thick  wires,  are  mostly  used.  They  are  to  be  fastened  in  the 
handles  and  in  the  terminals  of  the  battery.  These  short  wires  should 
not  be  soldered  on  to  the  cords,  as  soldered  parts  stand  no  bending,  and 
would  soon  break  ; a ball  joint,  however,  is  convenient  and  durable. 
Some  prefer  the  cords  to  be  insulated  with  india-rubber  tubes,  some 
others  with  silk  or  cotton.  In  the  former  case  the  cords  are  well 
protected  against  moisture,  but  the  india-rubber  contains  sulphur,  which 
makes  the  copper  brittle.  India-rubber  covered  cords  do  not  last  longer 
than  one  or  two  years,  whereas  silk  or  cotton-covered  cords  last  for  a 
long  time,  provided  they  are  not  soaked  in  water  together  with  the 
electrodes. 

Handles. — The  handles  are  provided  with  a terminal  for  the  recep- 
tion of  a connecting  cord,  and  with  a thread  fitting  the  electrodes.  They 
are  always  provided  with  an  insulating  handle,  so  that  the  physician 
holding  them  is  not  exposed  to  the  action  of  the  current.  Many  handles 
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are  provided  with  a trigijer,  for  making  or  breaking  the  current  ; this  can 
conveniently  be  managed  on  the  handles  with  one  finger  only,  whereas  a 
hand  is  required  to  work  an  interrupter  on  the  battery.  There  are  also 
handles  which  contain  a current  reverser  or  a rheostat,  but  they  are 
complicated,  and  are  of  real  advantage  in  very  few  cases  only. 

Electrodes.— There  e.xi.sts  a great  variety  of  electrodes  : buttons, 
round  and  square  plates  of  all  dimensions,  made  of  tin,  aluminium,  or 
carbon,  and  covered  with  flannel  or  chamois  leather,  which  may  be 
■screwed  on  to  the  handles,  or  have  a terminal  to  receive  the  cords  direct. 
Through  frequent  use — the  moisture  and  the  oxide — the  covers  get 
■soiled,  and  should  be  renewed  from  time  to  time,  and  the  oxide  has  to 
be  removed  from  the  metal  plates  with  emery  paper  Brushes  of  fine 
metal  wire  are  u.sed  for  exciting  the  muscles  and  nerves  of  the  skin  ; 
wheel  electrodes  for  conveniently  changing  the  place  of  application,  and 
for  combining  massage  and  electricity.  Small  metal  knobs  on  long 
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Diagram  of  the  Connection.s  of  Battery  No.  139. 

in.sulated  wires  are  in  use  for  conducting  the  current  to  the  larynx,  no.se, 
rectum,  vagina,  uteru.s,  etc.,  and  for  treatment  of  strictures.  Needles  are 
employed  for  destroying  hairs,  na;vi,  tumours,  etc.  All  these  electrodes 
get  polari.sed,  and  all  electrodes  made  of  common  metal  are  .subject  to 
oxidation  ; they  ought  therefore  not  to  be  placed  on  the  mucous  mem- 
brane unless  they  are  connected  with  the  negative  pole,  d'o  be  u.sed 
with  the  positive  pole,  the  electrodes  u.sed  for  electrolysis  should  be  of 
carbon,  gokl  or  platinum. 

Density  of  the  Current. — I'he  size  of  the  electrodes  is  of  consider- 
able importance.  The  larger  the  electrofle.s,  the  smaller  is  the  resistance 
of  the  human  body.  U'ith  electrodes  of  ten  sipiarc  inches  twice  the 
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current  can  be  sent  through  the  body  than  with  electrodes  of  five  square 
inches  surface  under  otherwise  equal  conditions.  This  leads  us  to  the 
density  of  the  current,  or,  in  other  words,  the  proportion  of  the  strength 
of  current  to  the  sectional  area  of  the  conductor.  If,  for  instance,  with 
electrodes  of  three  square  inches  surface  20  milliamperes  are  passing 
through  the  body,  the  current  is  three  times  as  dense  as  if  electrodes  of 
nine  square  inches  and  the  same  strength  of  current  were  used  ; in  other 
words,  in  the  first  case  each  square  inch  of  the  places  of  application 
receives  6‘6  milliamperes,  whereas  in  the  second  case  only  2'2  milliam- 
peres are  received  by  the  same  area.  The  physiological  and  chemical 
effects  would  in  the  first  case  be  three  times  as  strong  on  and  near  the 
place  where  we  apply  the  electrodes  as  in  the  second  case.  Statements 
that  such  and  such  results  have  been  obtained  with  so  and  so  many 
milliamperes  are  therefore  incomplete,  unless  the  diameter  of  the  elec- 
trodes used,  and  the  time  of  application  are  mentioned  as  well.  On 
entering  the  body  the  current  divides  itself  into  numerous  loops  and 
branches,  and  follows  the  best  conducting  parts  till  it  reaches  the  other 
electrode.  The  density  is  greatest  where  the  two  electrodes  touch  the 
body  ; it  is  a little  less  near  the  straight  line  connecting  the  two 
electrodes,  and  smallest  in  those  parts  of  the  body  which  are  most 
distant  from  the  electrodes ; but  experiment  shows  that  even  tho.se 
parts  are  reached  by  some  small  part  of  the  current. 

The  effect  of  the  current  is  frequently  desired  in  one  definite  spot 
only,  but  as  we  necessarily  require  two  electrodes  to  complete  the  circuit, 
they  are  chosen  of  very  different  diameter  : a small  one  (active  electrode), 
to  concentrate  the  current  on  the  nerve  or  muscle,  etc.,  which  is  to  be 
influenced  by  the  current,  and  a large  one  (called  the  indifferent  elec- 
trode), which  may  be  applied  to  the  hands  or  any  easily  accessible  part 
of  the  body.  If  the  latter  electrode  is  chosen  sufficiently  large,  undesired 
effects,  such  as  pain  or  blisters,  etc.,  will  be  avoided. 

Electrolysis. — This  is  of  special  importance  if  the  chemical  proper- 
ties of  the  current  are  to  be  used  - for  destroying  any  tissues,  etc., 
(electrol)'sis).  If,  for  instance,  a needle  connected  with  the  negative 
pole  is  inserted  close  to  a follicle,  and  an  electrode  of  two  inches 
diameter,  connected  with  the  positive  pole,  is  held  with  the  patient’s 
hand,  the  current  is  of  course  equally  strong  in  both  electrodes  ; but  in 
the  one  the  whole  effect  of  the  current  is  concentrated  on  a needle’s 
point,  and  the  chemical  action  of  i milliampere  suffices  already  to  destroy 
the  follicle,  so  that  the  hair  can  be  extracted  after  a few  seconds.  The 
chemical  action  on  the  other  electrode,  however,  is  divided  over  so  large 
a surface  that  the  current  mentioned  will  leave  no  visible  effect. 

Faults. — It  is  not  an  easy  undertaking  to  describe  in  a few  words 
the  faults  which  may  occur  in  a battery,  and  how  they  can  be  found  out 
and  rectified.  The  preceding  sections,  explaining  the  batteries  and 
accessories,  will  enable  anyone  who  takes  an  interest  in  his  instruments 
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to  find  out  the  reason  of  any  disturbance  ; whereas  for  him  who  does  not 
trouble  to  learn  to  understand  the  anatomy  of  his  battery,  any  number 
of  pages  about  this  theme  will  be  insufficient,  for  he  will  ever  remain 
dependent  on  the  help  of  an  electrician.  If  a battery  does  not  work,  the 
only  reasonable  thing  to  do  is  to  ascertain  where  the  fault  is,  whether 
it  is  in  the  cells,  or  in  the  connection  between  the  cells  and  the  terminals, 
or  in  the  cords,  handles,  etc.  Most  frequently  the  fault  will  be  found  in 
the  connecting  cords.  They  are  liable  to  break,  and  this  shows  itself  by 
their  too  great  flexibility,  they  are  cut  off  then  up  to  the  unspoiled 
part.  In  all  batteries  with  a great  number  of  elements,  a spark 
appears  if  the  two  ends  of  the  connecting  cords  are  brought  in 
contact  and  separated  again.  If  no  spark  is  .seen,  fa.sten  one  end 
of  a cord  to  a terminal,  and  touch  with  the  other  end  the  other 
terminal.  If  still  no  spark  is  visible,  touch  peg  i with  one  end  of  a 
cord,  and  with  the  other  end  touch  the  last  "peg  of  'the  collector,  and  if 
there  is  still  no  spark,  try  with  groups  of  say  five  elements  each,  either 
on  the  pegs  of  the  current  collector  or  directly  on  the  terminals  of  the 
cells.  If  the  elements  are  not  very  old,  a spark  will  be  obtained  from 
several  of  these  groups,  and  the  faulty  cells  may  be  singled  out.  A 
whole  battery  may  fail  because  one  of  the  many  screws  on  the  cells  may 
have  got  loose,  on  account  of  differences  of  temperature  or  shaking  in 
the  transit,  for  a loose  screw  no  longer  makes  any  contact  with  the 
wire  which  connects  the  cell  with  the  next  one.  This  can  easily  be 
rectified  by  tightening  the  .screw.  Another  reason  may  be,  that  in 
consequence  of  short  circuit  (caused  by  a wrong  position  of  the  current 
collector,  or  by  a fault  in  the  cell)  a zinc  is  eaten  through,  or  that  the 
fluid  has  e.scaped  through  a crack  in  the  element  vessel.  In  both  cases 
the  connection  is  interrupted,  and  the  defective  cell  or  cells  have  to  be 
removed  and  refilled,  or  replaced  by  new  ones  ; if  this  is  impossible  at 
the  time,  the  la.st  cells  of  the  battery  may  be  taken  off  and  put  in  .place 
of  the  defective  ones,  until  new  ones  can  be  obtained.  (Batteries  which 
are  so  constructed  that  each  single  cell  can  be  taken  out,  are  for  this 
reason  much  better  than  those  in  which  the  cells  are  soldered  together, 
or  otherwi.se  inaccessible,  for  if  one  single  cell  in  them  goes  wrong,  the 
whole  battery  has  to  be  sent  back  to  the  maker.)  A galvanometer 
makes  it  much  easier  to  find  such  a fault ; the  cords  are  connected  with 
the  galvanometer,  and  the  other  ends  are  placed  first  on  pegs  i and  2. 
then  on  pegs  2 and  3,  etc.  ; in  this  way  each  cell  can  be  tested,  and 
a fault  found  out  at  once.  In  batteries  provided  with  a double  collector 
it  is  simpler  still.  The  tongue  is  a sensitive  galvano.scope,  too.  If  we 
touch  with  it  two  wires  connected  with  a cell,  we  feel  a peculiar  taste  if 
the  cell  is  working.  VVe  strongly  recommend,  however,  to  try  this 
experiment  with  groups  of  not  more  than  ten  cells  only,  for  we  heard 
of  a ca.se  where  a doctor,  believing  that  his  patient  got  no  current  from 
a 40  cell  battery,  put  the  cords  on  his  tongue,  and  remained  uncon.sciou.s 
for  three-quarters  of  an  hour  in  cf)nscquence  of  the  shock. 
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It  is  rare  that  a fault  occurs  in  the  connections  between  the  cells  and 
the  current  collector,  the  wires  being  mostly  well  protected  and  all  the 
invisible  connections  being  soldered.  The  pegs  of  the  current  collector 
as  well  as  the  current  reverser,  are  liable  to  get  oxidised,  especially  in 
acid  batteries,  and  have  to  be  cleaned  occasionally  with  fine  emery 
paper  ; dust  between  the  pegs  should  be  removed  with  a fine  hair  brush. 
The  screws  which  keep  the  crank  of  the  current  collector  and  reverser 
on  their  axes  may  get  loose  and  have  to  be  tightened.  The  handles  with 
an  interrupter  may  fail  to  make  contact  through  oxidation,  or  through 
the  spring  being  loose.  Cords,  handles  or  wet  electrodes  ought  never  to  be 
placed  on  the  ctiri'ent  collector,  etc.,  as  they  may  cause  short  circuit. 

We  have  yet  to  mention  the  faults  which  are  caused  by  false  appli- 
cation. Some  people  believe  in  being  able  to  test  a battery  if  they 
touch  with  dry  fingers  the  varnished  terminals,  or  else  the  ends  of  the 
connecting  cords.  Of  course,  in  both  cases,  the  current  is  exceedingly 
weak  on  account  of  the  very  high  resistance,  and  can  hardly  be  felt  even 
by  experienced  persons.  Currents  of  a few  milliamperes  are  felt  by  most 
patients  only  if  they  are  suddenly  closed  or  broken,  and  whenever  a 
battery  is  tested,  the  only  proper  way  to  do  it  is  to  soak  the  electrodes 
in  warm  salt  water,  and  to  apply  them  as  in  real  use. 

Current  supplied  from  Dynamos. — The  apparatus  required  for 
utilising  the  currents  supplied  for  lighting  houses,  for  galvanisation  and 
electrolysis  are  explained  on  pages  44 — 54. 


BICHROMATE  BATTERIES  FOR  GALVANIC 
CAUTERY,  SPARK  COILS,  &c„  INSTRUMENTS  FOR 
GALVANIC  CAUTERY. 

A very  strong  current  is  required  for  rendering  platinum  wires,  of 
the  thickness  needed  for  cautery  operations,  incandescent,  for  most  of  the 
burners  require  10  to  15  amperes  (10,000  to  15,000  milliamperes)  and  in 
order  to  keep  a current  of  this  strength  constant,  even  for  a few  minutes 
only,  large  cells  are  absolutely  necessary.  On  the  other  hand,  platinum 
burners  have  a very  low  resistance — burner,  handles  and  cords  together 
about  0'o6  ohm.  If  the  cells  have  a small  internal  resistance  too,  for 
instance,  006  ohm  per  cell,  two  cells  of  i'5  volt  each  are  already  sufficient 
for  producing  the  necessary  strength  of  current  with  these  resistances,  for 

3 volts 

o-oo  -t-  012  ohm  ^ 

The  requirements  for  cautery  are  therefore  totally  different  from  those 
for  galvanisation  and  electrolysis.  In  the  latter  case  many  cells  are 
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needed  to  force  even  a weak  current  through  the  high  resistance  of  the 
human  body.  The  cells,  however,  can  be  small,  because  even  the 
strongest  current  used  for  electrolysis  rarely  exceeds  200  milliamperes. 
For  cautery,  however,  the  E.M.F.  of  two  cells  is  already  sufficient  on 
account  of  the  very  small  external  resistance,  but  the  cells  have  to  be  of 
large  size,  as  the  current  required  must  be  more  than  1,000  times  as 
strong  as  the  currents  generally  used  for  galvanisation.  Even  a lOO-cell 
Leclanchd  battery  with  cells  of  06  ohm  internal  resistance,  would 
give  only 


1 50  volts 


2'49  ampere.s. 


60  + 0 06  ohm 

This  explains  wh)-  a battery  made  for  galvanisation  cannot  be  used 
for  cautery,  and  why  a cauterj’  batter}'  cannot  be  used  for  galvani- 
sation, notwithstanding  its  big  cells — two  questions  which  are  very 
frequently  put  to  us. 


Connection  of  Cells. — Up  to  now  one  method  of  arranging  the  cells 
has  been  mentioned  only,  the  connection  “ hi  series”  for  high  external 
resistances.  The  cells  can,  however,  be  arranged  so  that  the  carbon  of 
the  first  cell  is  connected  with  the  carbon  of  the  second,  and  the  zinc  of 
the  first  with  the  zinc  of  the  second  cell,  etc.,  and  this  is  called  connecting 
the  cells  '^parallel.”  The  E.M.F.  does  not  increase  thereby,  no  matter 
how  many  cells  are  connected  in  this  wayi'but  the  surface  of  the  metal 
or  carbon  plates  increases,  and  consequently  the  internal  resistance 
diminishe.s,  with  each  additional  cell.  Two  cells  connected  in  this  way 
are  equal  to  one  single  cell  of  double  size,  and  this  is  a great  advantage 
for  galvanic  cautery,  for  by  lessening  the  internal  resistance  we  enable  it 
to  yield,  with  small  external  resistance,  a stronger  current.  Principally, 
however,  we  double  the  constancy,  for  large  plates  do  not  polarise  as 
quickly  as  small  ones  do,  and  the  capacity  in  ampere  hours  of  two  cells 
connected  parallel,  is  twice  as  large  as  the  capacity  of  two  cells  connected 
in  series.  There  are  yet  .some  other  combinations  po.ssible.  We  can,  for 
instance,  connect  6 
cell.s,  of  i’5  volt, 

O' 1 5 ohm  internal 
resistance,  and  20 
ampere  hours  capac- 
it}'  each,  in  serie.s, 
and  obtain  then  9 
vf)lts,  0'9  ohm  inter- 
nal resistance,  and 
20  ampere  hours;  or 
else  we  can  connect 
every  two  cells  par- 
allef,  and  the  three  double  cells  in  serie.s.  We  then  obtain  4-5  volts, 
0'225  ohm,  and  40  ampere  hours  ; or  3 cells  parallel  and  the  two 
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groups  in  senes, 


Fig.  I 


-4-Cell  Battery,  connected  “ parallel  ’ 
for  galvanic  cautery. 


which  would  give  3 volts,  ono  ohm,  and  60 
ampL-e  hours  ; and  lastly  we  can  connect  them  all  parallel,  and  would 
then  obtain  i'5  volt  0-025  ohm,  and  120  ampere  houns.  The  mixed  con- 
nection is  the  most  convenient  one  for  cautery  batteries,  and  is  most 
frequently  used.  The  two  diagrams  show  the  two  different  ways  of 
connecting  the  4 cells  of  a frequently  used  cautery  battery.  As 
already  mentioned,  the  E.M.F.  of  two  cells  is  sufficient  to  produce  with 
so  small  a resistance  the  necessary  strength  of  current  ; for  wire  loops, 

however,  3 to  4 cells 
are  necessary,  and 
the  batteries  most 
frequently  used  for 
cautery  have  4 cells. 
If  batteries  are  con- 
structed with  more 
than  4 cells, .this  is 
partly  done  in  order 
to  be  able  to  connect 
the  cells  parallel  in 
the  way  above  men- 
tioned, and  partly  to 
use  them  for  the  production  of  a strong  light  as  well.  We  shall  refer 
to  this  later  on  under  the  section  for  electric  light. 

Which  are  the  most  suitable  Elements? — There  is  no  great  variety 
of  cells  with  a sufficient!)'  small  internal  resistance.  Cells  with  two 
different  acids,  such  as  Bunsen  and  Grove  cells,  are  certainly  very 
powerful  and  constant,  but  as  they  have  to  be  emptied  and  cleaned  each 
time  after  having  been  used,  the)-  have  long  since  been  put  aside  as  too 
troublesome  for  surgical  purposes. 

Bichromate  Cells. — Bichromate  elements  are  most  frequently  used 
for  cauter)L  The  chief  objection  to  them  is  their  want  of  constancy.  If, 
however,  the  cells  are  not  made  too  small,*  they  are  sufficiently  constant 
for  all  cauter}-  operations  ; for  a cell  of  3 by  5|  by  6^  inches,  will  keep  a 
burner  requiring  12  amperes  incandescent  for,  approximately,  twenty 
minutes.  The)^  are  powerful,  their  E.M.F.  being  2 volts,  and  they  are 
easil}^  put  in  action.  And  especially  they  can  very  quickly  be  re-filled, 
and  can  be  easily  kept  in  order  by  anybody,  so  that  they  are  very 
suitable  for  medical  men  who  do  not  wish  to  be  dependent  on  the 

* The  peculiar  type  of  bichromate  cells  known  as  “ bottle  elements  ” have  made 
bichromate  batteries  famous  for  inconstancy.  In  these  bottle  elements,  carbons  and 
zincs  are  put  together  as  closely  as  possible,  so  that  they  can  pass  through  the  narrow 
neck  of  the  bottle.  The  consequence  of  this  arrangement  is  that  internal  resistance  is 
ver)"  low,  and  the  current  very  powerful  for  the  first  moment,  but  the  small  quantity  of 
acid  between  carbon  and  zinc  gets  used  up  rapidly,  and  the  strength  of  currents  drops 
therefore  50  to  75  per  cent,  within  the  first  minutes.  If,  however,  the  space  between 
carbon  and  zinc  admits  a sufficient  quantity  of  acid,  bichromate  cells  may  heat  a 
cautery  burner  even  for  hours  constantly. 
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electrician’s  help.  They  are  portable,  as  far  as  this  is  possible  for  a 
batter>'  of  23  lb.s.  weight  filled  with  acid.  Plates  of  india-rubber,  floating 
on  the  surface  of  the  acid,  as  well  as  properly  constructed  ves.sels,  prevent 
spilling  and  evaporation.  The  zincs  in  bichromate  batteries  should  be 
well  amalgamated,  and  for  this  reason  the  zincs  in  our  batteries  consi.st 
of  an  alloy  of  10  parts  of  zinc  and  i part  of  mercury,  and,  moreover,  the 
acid  contains  .some  mercury  too.  The  zinc  plates  last  from  two  to  five 
years,  according  to  their  use,  and  can  be  replaced  easily  without  tools. 
It  is  nece.s.sar>'  to  clean  and  refill  the  bichromate  batteries  once  in  three 
to  si.x  months,  according  to  their  size  and  use,  but  it  is  very  important  to 
remove  at  least  once  in  every  .six  months  the  crystals  adhering  to 
carbons,  zincs,  and  especially  to  the  acid  vessel.  The  quality  of  the  acid 
is  also  of  great  importance  for  these  batterie.s,  as  the  strength  of  current 
depends  very  much  on  it.  We  recommend  the  following  .solution : 
Dissolve  I lb.  of  bichromate  of  potassium  in  8 lbs.  of  hot  water, 
add  slowly  2\  lb.s.  of  strong  sulphuric  acid,  while  stirring  constantly, 
and  dissolve  in  this  mixture,  while  it  is  hot,  3 ozs.  of  bisulphate  of 
mercury. 

Dry  Leclanche  Cells. — One  kind  of  Leclanche  cell  has  so  small  an  internal 
resistance  that  it  can  be  used  for  small  cautery  operations.  Six  elements  of  4 by 
4 by  7 inches,  three  of  which  are  connected  parallel,  and  the  two  groups  in  series, 
are  able  to  keep  a burner  requiring  up  to  12  amperes  incandescent  for  about  two 
hours  altogether — not  continually,  as  the  battery  requires  some  rest  for  recovering  ; 
but  constantly  for  about  five  minutes  at  a time.  These  batteries  are  not  to  be 
recommended  for  regular  use  in  the  consulting  room  of  a busy  throat  specialist, 
but  they  are  convenient  for  eye  and  ear  specialists,  who  require  small  burners 
only.  They  are  suitable  for  portable  batteries  on  account  of  the  absence  of  any 
liquid. 

The  disadvantage  of  these  batteries  is  that,  after  nine  to  twelve  months’  time,  the 
current  gets  too  weak  for  cautery,  whether  the  battery  has  been  used  or  not,  on 
account  of  the  gradual  increase  of  the  internal  resistance.  The  cells  will  then 
still  do  for  surgical  lamps,  bells,  &c.  ; they  cannot,  however,  be  refilled,  but  have 
to  be  replaced  by  new  cells  which  can  easily  be  put  in  the  battery  boxes. 

Rheostats  for  Batteries. — A rheostat  is  most  convenient  with 
every  battery  for  regulating  the  strength  of  current  for  cautery.  A 
bichromate  battery,  without  a rheostat,  cannot  be  plunged  in  deeper  than 
is  necessary  for  just  making  the  wire  red  hot ; on  account  of  polari.sation, 
etc.,  the  current  diminishes  pretty  quickly,  and  the  battery  ought  to 
be  gradually  immersed  deeper,  in  order  to  keep  the  burner  at  the  same 
temperature  ; this  would  necessitate  frequent  attention  to  the  battery. 
A rheostat,  however,  enables  you  to  immense  the  battery  completely  from 
the  beginning,  and  to  reduce  the  current  to  the  proper  dimensions  by  in- 
.serting  an  artificial  resistance.  As  the  cells  have  a larger  surface  by  the 
deeper  immersion,  the  strength  of  current  remains  constant  for  a much 
longer  time,  so  that  the  operator  can  give  his  whole  attention  to  the 
patient.  Rheo.stats  arc  quite  indispensable  for  accumulatons,  as  without 
them  all  burners  would  be  destroyed  at  once. 

Rheostats  for  cautery  cannot  be  made  with  thin  wire,  as  such  wire 
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would  get  incandescent  too  ; hence  for  a current  of  10  to  15  amperes,  we 
employ  German  silver  wire  of  2 to  3 mm.  diameter,  and  about  6 ohms  total 
resistance.  This  wire  is  wound  in  a spiral,  and  a longer  or  shorter  piece 
of  it  can  be  inserted,  by  means  of  a sliding  spring.  It  is  best  to  begin  by 
inserting  the  whole  resistance,  and  after  the  circuit  has  been  closed, 
to  diminish  it  gradually,  by  moving  the  spring,  until  the  platinum  has 
the  proper  temperature  for  operations.  A bright  red  or  yellow  heat  is 
best  ; white  heat,  or  dark  red  heat,  causes  bleeding. 

GalvanometePS. — Galvanometers  are  not  necessary  for  cautery,  for 
it  is  not  important  to  know  how  many  amperes  are  required  for  obtaining 
the  proper  temperature  of  the  platinum.  They  are  convenient  only  for 
•controlling  the  battery  and  for  experiments. 

Cords. Connecting  cords  for  cautery  ought  to  be  thick,  because,  if 

thin,  they  would  either  get  too  warm,  or  else  weaken  the  current  con- 
siderably. Their  resistance  should  not  be  more  than  0’02  ohm. 

Handles. There  exist  many  different  shapes  of  handles  for  holding 

the  burners.  All  of  them  are  fitted  with  a trigger,  mostly  like  the  trigger 
of  a pistol,  in  order  to  enable  the  operator  to  introduce  the  platinum 
wires  cold,  and  to  heat  them  at  the  desired  moment  only,  by  closing  the 
circuit  through  a pressure  on  the  contact.  Many  handles  have  an 
arrangement  for  drawing  a wire  loop  together,  for  the  removal  of  polypi, 
tumours,  etc.,  with  the  incandescent  platinum  or  steel  loop. 

Burners. — The  platinum  burners  which  are  made  pointed,  knife, 
cup,  or  ball  shaped,  are  soldered  on  to  copper  wires  of  different  lengths 
and  curves,  according  to  whether  they  are  meant  to  be  used  in  the  nose, 
larynx,  mouth,  ear,  etc.  The  copper  wires  are  partly  insulated  from  one 
another  with  silk,  which  is  wound  round  them  in  the  shape  of  an  8,  but 
where  the  copper  touches  the  platinum  they  grow  so  warm  that  the  silk 
would  get  black,  and  therefore,  they  are  for  a short  distance  insulated 
with  shellac  varnish  only. 

Faults. — In  order  to  rectify  any  fault,  it  is  necessary  with  these 
batteries  too,  to  find  the  seat  of  the  defect,  and  it  will  then  be  easy 
to  remove  it.  The  burners  are  apt  to  fail  because  the  two  copper  wires 
may  touch  at  the  end  near  the  platinum,  so  that  the  current  can  pass 
•directly  from  one  copper  wire  into  the  other  without  reaching  the 
platinum  at  all.  This  is  a frequent  fault,  and  can  be  recognised  by  the 
copper  wires  getting  very  hot.  They  should  be  separated  with  a finger 
nail  so  far  that  you  can  see  between  them  all  along.  If  the  platinum  of 
a burner  has  been  fused  by  too  strong  a current,  a new  platinum  wire  must 
be  soldered  on  with  silver  by  the  electrician.  If  the  battery  fails,  in  spite 
of  the  burner  being  all  right,  you  should  take  off  the  handle,  and  let  the 
two  ends  of  the  connecting  cords  touch  each  other.  If  they  yield  a 
strong,  crackling  spark,  the  fault  is  in  the  handle — the  place  of  contact  is 
oxidised,  and  has  to  be  cleaned  with  fine  emery  paper  ; but  if  the 
connecting  cords  yield  but  a weak  spark,  or  none  at  all,  the  fault  lies 
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further  back.  A weak  .spark  shows  that  the  connections,  etc.,  are  in 
good  order,  but  that  the  battery  is  too  weak.  With  bichromate 
batteries,  this  fault  can  be  easil)’  removed.  If  the  .solution  has 
turned  green,  it  is  exhausted,  and  the  battery  must  be  cleaned  and 
refilled.  If  the  fluid  is  still  red  or  brown,  a cell  has  been  short  circuited 
b}'  carbon  and  zinc  touching  one  another,  or  else  the  zincs  are  covered 
with  a coating  of  oxide,  which  can  be  best  removed  if  they  are  screwed 
off  and  cleaned  under  a water  tap  with  an  old  nail  brush,  until  the  bright 
zinc  reappears.  If  there  is  no  spark  at  all,  although  the  battery  can 
hardly  be  exhausted,  you  should  remove  the  connecting  cords  and  .see 
whether  the  cells  yield  a spark,  if  the  end  terminals  are  connected  with  a 
short  wire  ; if  this  gives  a spark,  the  rheostat  or  the  cords  are  at  fault. 
A fault  in  the  cords  is  indicated  by  excessive  flexibility  on  the  broken 
place.  A rheostat  may  get  burned  through  under  unfavourable  circum- 
stances— both  faults  have  to  be  remedied  by  the  electrician.  If,  however, 
there  is  no  spark,  either  the  connection  amongst  the  cells  is  at  fault, 
or  the  arrangemer.*t  of  the  cells  is  incomplete  ; which  shows,  if  each 
element  is  tested  singly  at  first,  and  afterwards  groups  of  two  or  more 
cells  ; or  the  battery  is  exhausted,  and  you  have  to  clean  and  re-charge 
it  as  already  stated. 

Fop  apparatus  required  to  control  the  current  supplied  for  lig’hting 
houses  for  cautery  or  spark  cords,  see  pagres  50—53, 


ACCUMULATORS. 


The  Advantages  and  Disadvantages  of  Accumulators  or 
Secondary  Batteries  compared  with  primary  galvanic  cells  are  as 
follows.  Their  E.M.F.  (2  volts)  is  higher  and  their  internal  resistance 
lower  (001  ohm  to  0‘i  ohm)  than  in  all  other  cells,  and  for  this  rea.son 
they  produce  a remarkably  powerful  current  which,  being  completel)’ 
dep<darized,  is  perfectly  constant  until  the  accumulator  is  nearly 
exhausted.  The  acid  is  not  u.sed  up,  and  therefore  has  not  to  be 
renewed  except  to  make  up  for  the  loss  by  evaporation.  Accumulators 
are  specially  suitable  for  spark  coil.s,  as  strong  currents  are  frequentl}- 
required  for  a considerable  time  to  work  them.  They  are,  moreover, 
convenient  for  running  motors,  heating  cautery  burners  and  small 
surgical  lamps. 

Their  Disadvantages  are,  that  they  require  a more  .scientific  and 
careful,  treatment,  more  frequent  attention,  and  more  time  for  lx;ing 
recharged  than  primary  batteries  do  ; that  they  arc  more  easily  damaged, 
atifl  that  for  repairs  they  have  to  be  returned  to  the  manufacturer. 
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They  consist  of  lead  plates  immersed  in  diluted  sulphuric  acid.  136  volumns  oipure 
strong  sulphuric  acid  are  mixed  with  1,000  volumes  of  distilled  water.  The 
mixture  ought  to  have  a specific  gravity  of  ri5,  or  36  Beaume. 

Chemical  Process-— The  sulphuric  acid  causes  a thin  layer  of  lead  to  change 
into  sulphate  of  lead.  An  electrical  current  sent  through  such  a cell  produces 
electrolysis  ; oxygen  appears  on  the  plates  connected  with  the  + pole,  and  con- 
verts the  sulphate  of  lead  into  peroxide  of  lead.  On  the  plates  connected  with 
the  negative  pole,  hydrogen  appears,  and  reduces  the  sulphate  of  lead  into  a 
porous^ spongy  mass  of  metallic  lead.  If  the  action  of  the  current  lasts  long 
enough,  the  plates  connected  with  the  positive  pole  get  converted  entirely  into 
peroxide  of  lead,  and  the  negative  plates  into  spongy  metallic  lead.  Oxygen 
and  hydrogen,  finding  nothing  left  to  act  upon,  escape  as  gas,  and  it  would  be 
waste  to  let  the  current  act  any  longer. 

In  this  way,  chemical  changes  have  been  effected  by  means  of  an  electrical 
current.  We  have  two  different  plates  now,  and  the  chemical  action  of  the  acid 
produces  an  E.M.F.  If  the  plates  are  connected  by  means  of  a conductor,  an 
electrical  current  is  started  in  opposite  direction  of  the  charging  current. 
During  the  discharge,  the  chemical  process  gets  reversed  ; the  plates  which  had 
been  covered  with  oxygen  during  charging  get,  during  the  discharge,  covered 
with  hydrogen,  which  combines  with  the  oxygen  contained  in  the  peroxide,  and 
produces  sulphate  of  lead.  The  oxygen  generated  on  the  negative  plates  com- 
bines with  the  acid  and  changes  the  metallic  lead  also  into  sulphate  of  lead. 
As  soon  as  both  plates  have  returned  to  their  original  condition,  all  difference 
between  them  has  ceased  to  exist,  the  E.M.F.  stops,  and  with  it  the  discharging 
current.  The  acid  too  has  got  back  its  original  strength,  and  thus  the  process 
can  be  repeated  any  number  of  times. 

The  only  difference  between  primary  cells  and  accumulators  is,  that  primary 
cells  have  to  be  charged  with  chemicals  which  have  to  be  prepared  beforehand, 
and  which,  when  used  up,  have  to  be  removed  and  replaced  by  a fresh  supply. 
In  the  accumulators,  it  is  the  action  of  an  electrical  current  which  generates 
the  chemicals  required  to  produce  the  E.M.F.,  and  a current  will  regenerate 
them  as  often  as  desired,  without  a renewal  of  acid. 

Capacity. — The  capacity  of  the  accumulators,  i.e.,  the  quantity  of 
electrical  energy  which  they  can  store,  in  form  of  chemicals,  is  in  direct 
proportion  to  the  quantity  of  lead  which  they  contain.  Moreover,  the 
current  by  which  an  accumulator  is  charged  or  discharged,  has  to  be  in 
proportion  to  its  capacity.  If  the  density  of  current  (the  number  of 
milliamperes  per  square  centimetre)  is  too  great,  the  oxygen  cannot 
change  the  sulphate  quickly  enough,  and  therefore  part  of  it  escapes  as 
gas  unutilized.  In  discharging  too  heavy  a current,  the  cell  will  become 
polarised  in  consequence  of  the  same  difficulty.  There  is  no  fixed  rule 
how  many  amperes  may  be  used  for  charging  or  discharging  accumulators, 
this  depends  in  the  first  instance  on  the  capacity  of  the  accumulators, 
and,  secondly,  on  the  special  construction  of  the  plates.  As  a general 
rule,  the  charging  current  ought  not  to  e.xceed  one-fifth,  and  the  dis- 
charging current  one-fourth  of  the  capacity  ; that  is  to  say,  a 20-ampere 
hour  accumulator  should  be  charged  with  not  more  than  4 amperes,  and 
discharged  with  not  more  than  5 amperes.  Some  kinds  are  made 
specially  so  that  they  can  stand  a considerably  higher  rate  of  discharge. 
If  the  strength  of  the  discharging  current  is  exceeded,  the  efficiency 
decreases,  and  instead  of  20,  only  15  or  10  ampere  hours  will  be  obtained 
from  the  accumulator.  In  extreme  cases,  when  an  accumulator  is  short 
circuited,  the  plates  are  destroyed  by  crumbling  up. 

Charg’ed  Accumulators  have  the  tendency  to  Discharg’e  slowly 

without  being  connected  with  a conductor,  in  con.sequence  of  defects  in 
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the  insulation  (as  dampness,  dirt,  etc.),  and  also  on  account  of  impurities 
of  the  acid.  (If  these  are  considerable,  especially  if  the  acid  contains  a 
trace  of  arsenic,  the  accumulator  cannot  be  charged  at  all.)  Sulphate  of 
lead  is  therefore  gradually  being  formed  even  while  the  accumulators  are 
standing  unused.  The  sulphate,  when  freshly  formed,  is  fine  and  .soluble, 
and  can  be  changed  into  peroxide  by  means  of  a current.  After  some 
time,  however,  it  assumes  a crj^stalline  form,  becomes  insoluble,  and 
cannot  then  be  changed  any  more  into  peroxide  by  the  current.  The 
capacity  of  the  accumulators  decreases  therefore  in  proportion  to  the 
increase  of  the  sulphate  of  lead  crystals.  Plates  which  have  become 
defective  in  this  way  are  useless,  and  have  to  be  replaced  by  new  ones. 

The  following  rules  can  be  derived  from  the  above  statement : 

(1)  The  capacity  of  the  cells  must  be  in  direct  proportion  to  the 
discharging  current.  If,  for  instance,  the  accumulators  are  intended  for 
working  spark  coils  or  cautery  burners,  they  should  be  of  a size  which 
can  discharge  up  to  15  amperes  without  becoming  damaged.  Cells 
which  are  too  small  for  the  work  required  of  them,  will  soon  be  destroyed. 

(2)  Short  circuit  must  be  avoided.  Terminals  must  not  be  connected 
with  a wire  in  order  to  see  a spark,  as  it  tends  to  destroy  the  plates.  The 
connecting  cords  should  be  attached  to  the  spark  coil  or  cautery  handle 
before  the  other  ends  are  connected  with  the -accumulator  terminaks. 

(3)  In  charging,  the  + pole  of  the  charging  current  has  to  be 
connected  with  the  + pole  of  the  accumulator.  The  latter  is  usually 
painted  red.  If  by  mistake  the  wrong  poles  are  connected,  the  accumu- 
lators discharge  rapidly  and  are  destroyed. 

(4)  Accumulators  must  be  re-charged  frequently,  w}iether  used  or  not. 
If  this  is  neglected  their  capacity  is  diminished,  on  account  of  the 
formation  of  insoluble  sulphate  of  lead.  This  explains  why  accumulators 
give  every  satisfaction  when  used  in  lighting  station.s,  where  they  are 
re-charged  daily,  or  at  least  once  a week,  but  many  medical  men  are 
under  the  false  impres.sion  that  the  accumulators  need  no  re-charging  .so 
long  as  they  still  yield  a current.  The  smaller  the  accumulators,  the 
more  frequently  have  they  to  be  re-charged.*  Accumulators  of  20- 
ampcre  hour  capacity  and  more,  ought  to  be  re-charged  at  least  once  a 
month  to  keep  them  in  good  condition. 

The  Charging  of  the  Accumulators  is  best  done  by  dynamos.  Where  the 

continuous  current  is  laid  on  for  illuminating  purposes,  medical  men  can  easily  do 

it  themselves.  One  or  several  incandescent  lamps  are  inserted  in  the  circuit. 

Hy  means  of  pole-finding  paper,  the  polarity  is  ascertained  (the  negative  pole 

* The  so-called  pocket  accumulators  with  a capacity  of  less  than  10  amp6re  hours, 
may  give  satisfaction  to  those  doctors  who  regard  them  as  a hobby,  and  charge  them 
frequently  enough  from  their  own  lighting  installation,  but  in  every  other  case  they  are 
sure  to  be  failures.  A pnaif  of  this— quite  independent  of  ourown  ex|>cricnce-  isthefact 
that,  abfuit  two  years  ago  a London  Omnibus  Company  provided  their  ticket  con- 
trollers with  pocket  accumulators  and  electrical  bull’s-eye  lamps.  A special  shed  was 
erected  for  a charging  station  in  the  yard  of  Victoria  Station,  which  shows  that  no 
money  was  spared  to  work  them  under  pro|)er  conditions,  but,  nevertheless,  the  lamps, 
accumulators,  and  charging  station  disappeared  after  .several  months’  trial. 
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makes  a red  stain  on  the  moist  paper),  and  the  charging  is  continued  till  gas 
bubbles  appear,  the  acid  turns  milky  and  makes  a hissing  noise.  A 20-amp^re 
hour  accumulator  will  take  about  twenty  hours  for  charging  with  a 32  candle-power 
lamp  in  a loo-volt  circuit.  If  four  lamps  of  this  same  candle  power  are  con- 
nected parallel,  the  charging  will  be  finished  in  five  hours. 

It  is  possible  to  charge  accumulators  from  primarj^  batteries.  The  so-called 
gravity  cells  (copper-zinc  without  a porous  pot)  are  best  suited  for  the  purpose. 
These  cells  have  nearly  0*9  volt  each,  and  as  towards  the  end  of  the  charging  the 
E.M  F.  of  the  accumulators  rises  to  nearly  2‘5  volts,  four  of  these  cells  should 
always  be  connected  in  series  for  each  single  accumulator  cell.  If  only  four 
cells  are  used  to  charge  a 20-ampere  hour  accumulator,  the  charging  will  take 
about  170  hours.  If,  however,  you  take  twelve  cells,  and  connect  each  three 
parallel,  and  the  four  groups  in  series,  the  charging  will  be  done  in  about  55 
hours.  Cells  like  these  can  remain  permanently  connected  with  the  accumu- 
lators, but  some  vitriol  of  copper  should  be  added  to  each  cell  once  or  twice  a 
week.  There  should  also  be  a galvanometer  in  the  circuit  to  measure  the 
strength  of  the  charging  current  and  control  its  direction. 

Thermopyles  may  also  be  used  for  charging  accumulators  ; it  will,  however,  be 
more  advantageous  to  use  large  bichromate  ceils  instead  of  the  accumulators  in 
most  of  the  cases  where  a current  from  a dynamo  is  not  available  for  charging. 

The  plates  must  be  fully  covered  by  the  acid,  and  if  the  latter  has  partly 
evaporated  on  account  of  too  prolonged  charging,  or  for  some  other 
rea.son,  it  has  to  be  brought  to  its  original  level  by  some  fresh  acid. 

A Voltmeter  is  very  convenient  for  controlling  accumulators.  While 
in  good  condition,  each  cell  gives  fully  2 volts.  If  the  E.M.F.  falls  to 
r8  volts  per  cell  the  charge  is  nearly  exhausted,  and  the  accurmilator 
shotild  be  re-charged  at  once  before  further  use. 

During  discharging,  accumulators  may  be  connected  parallel,  but  while 
charging  this  .should  be  avoided.  Six  20-ampere  hour  accumulators 
connected  in  series  give  12  volts,  and,  say,  5 amperes  for  4 hours.  The 
same  battery  connected  so  that  two  cells  are  parallel  and  the  three  groups 
in  series,  will  give  6 volts  and,  say  10  amperes  for  4 hours. 

Many  attempts  have  been  made  to  produce  drj^  accumulators,  but  up 
to  now  they  have  been  a failure. 


BATTERIES  AND  INSTRUMENTS  FOR 
ELECTRIC  LIGHT. 


Advantages  of  the  Electric  Light. — The  electric  light  is  whiter 
and  more  intense  than  any  other  kind  of  light.  It  develops  less  heat, 
and  the  lamps  need  not  be  held  upright,  as  oil  lamps,  for  instance,  and 
can,  therefore,  be  brought  much  closer  to  the  object  which  has  to  be 
examined.  All  these  facts  help  to  make  incandescent  lamps  most 
useful  for  medical  purposes,  in  the  consulting  room,  but  more  especially 
m the  patient’s  house,  where  often  a wax  candle  is  the  only  other 
available  light  which  might  be  used.  The  electric  light  is,  moreover, 
the  only  kind  of  light  which  can  be  introduced  into  the  human  body. 
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either  for  examinations  of  cavities  like  the  bladder,  or  else  to  discover 
bleeding  arteries  during  operations,  or  to  make  part  of  the  body 
transparent  (antrum)  for  diagnostic  purposes.  It  i.s,  moreover,  a most 
convenient  night  light  for  medical  men,  ^who 
are  often  called  out  at  night ; for  a turn  of 
the  .switch,  which  may  be  fixed  on  the  bed- 
stead, is  sufficient  to  light  up  the  whole  room. 

Finally,  it  is  u.seful  as  a reading  lamp  in 
carriages,  for  invalids,  etc.,  although  in  these 
latter  instances,  the  fact  that  the  electric  light 
produced  by  batteries  costs  still  about  3d.  to 
Sd.  an  hour  for  a 2i-candle  lamp  i.s  a dis- 
advantage. In  houses  where  the  electric  light 
is  laid  on,  lamps  of  32  to  100  candle  power 
may  be  used  with  the  concave  mirror  for 
examining  throat,  no.se,  eye,  etc.  Special  lamps 
are  made,  the  carbon  filament  of  which  is  not 
horse-shoe  shaped,  but  fitted  in  the  centre  of 
the  lamp,  so  that  the  lamp  can  very  well  be 
used  with  a lens.  These  lamps  give  a good 
light  of  25  to  100  candle-power,  according  to 
the  lamp  chosen.  If  properly  arranged,  the  lamps  do  not  .show 
light  and  dark  spots,  and  as  to  convenience  and  cleanliness,  they  are 
superior  to  any  other  lamp. 

Resistance  of  the  Lamps,  and  Strength  of  Current  required.— 
The  resistance  of  the  incandescent  lamps  used  for  medical  purposes 
varies  from  7 to  25  ohms.  The  strength  of  current  required  for 
rendering  the  carbon  filaments  of  the  usual  lamps  incandescent  is 
0'5  to  r6  ampere;  i ampere  is  about  the  average.  The  longer 
and  thinner  the  carbon  filament,  the  more  resistance  it  has,  and  the  le.ss 
current  is  wanted  to  bring  it  to  white  heat,  and  vice  versa.  Lamps 
requiring  075  ampere,  or  less,  remain  so  cool  that  they  can  always 
be  touched.  Lamps  which  require  i ampere  and  more,  however,  grow 
pretty  warm  if  they  burn  in  the  open  air.  In  order  to  obtain  this 
.strength  of  current  with  the  resistances  mentioned  before,  8 to  12  volts 
are  required,  and  therefore  batteries  of  four  to  eight  cells,  connected 
in  .series,  are  necessary,  according  to  the  K.M.F.  and  the  internal 
resi.stance  of  the  cells. 

The  carbon  filaments  have  a much  higher  resistance  than  the 
platinum  burners  used  for  cautery,  but  require  considerably  less 
current  to  become  incande.scent  ; but  all  canter}’  batteries  with  four  and 
more  cells  can  very  well  be  uscfl  for  surgical  lamps  too.  Most  of  the 
lamps  require,  however,  more  milliamp^res  than  the  small  portable 
cells,  cf)nstructerl  for  galvanisation  anrl  electrolysis,  arc  able  to 
keej)  up  for  any  length  of  time.  1 hese  batteries  of  many  small  cells 


33 


55'  Wigntove  Streets  London,  IV. 

certainly  make  the  lamps  incandescent,  but  they  polarise  too  quickly 
with  a current  of  750  milliamperes,  and  consequently  the  light  is  not 
constant,  but  diminishes  after  a very  short  time  ; only  the  large 
Leclanchd  cells  used  for  office  batteries  depolarise  quickly  enough  to 
give  a steady  light  for  some  minutes  at  least  with  these  lamps. 
The  cells  for  batteries  for  the  electric  light  ought  to  be  larger  than 
the  cells  for  galvanisation,  but  they  need  not  be  as  large  as  the  cells 
for  cautery;  the  larger  they  are,  the  longer  they  will  be  able  to  keep 
a lamp  incandescent,  and  the  more  cells  there  are,  the  longer  may 
the  carbon  filament  be.  The  number  of  cells  does  not  influence  the 
time  a battery  can  keep  a lamp  incandescent  ; a 6-cell  battery  keeps 
a lamp  burning  for  the  same  time  as  a lO-cell  battery,  provided  that 
both  are  fitted  with  the  same  kind  of  cells. 

What  are  the  most  suitable  Cells  ?— The  variety  of  cells  for 
producing  light  is  not  very  great,  because  no  cells  with  high  internal 
resistance  can  be  used,  and  because  nearly  all  the  batteries  have  to 
be  portable. 

Bichromate  Cells. — Bichromate  batteries  (about  their  treatment, 
mixing  the  solution,  etc.,  .see  page  26),  provided  that  the  cells  are  7iot 
7/iade  too  sjuall,  are  constant  enough,  and  quite  apart  from  their  high 
E.M.F.  and  great  strength  of  current,  they  have  the  great  advantage 
that  the  owner  is  independent  of  the  electrician  for  some  years  at  least, 
as  he  can  keep  them  in  order  himself,  an  important  point  for  doctors, 
who  live  far  from  the  manufacturer.  They  have,  however,  to  be 
refilled  every  three  or  four  months,  and  as  far  as  convenience  and 
cleanliness  go,  they  have  certainly  been  surpassed  by  other  batteries, 
suitable  for  doctors  living  within  reach  of  the  manufacturer. 

Accumulators. — Are  very  suitable  for  surgical  lamps,  they  are 
described  on  pages  28 — 31. 

Leclanch6  Dry  Cells. — Have  an  E.M.F.  of  i'5  volt,  and  an  internal 
resistance  of  0'3  ohm.  They  are  small  enough  to  be  very  portable,  and 
as  they  contain  no  liquid  they  can  be  sent  charged  as  ordinary  luggage 
all  over  the  world.  They  are,  owing  to  their  peculiar  construction, 
more  constant  than  fluid  elements  of  the  same  size.  The  dry  cells,  if 
exhausted,  can  still  be  used  for  house  bells,  &c.,  but  they  cannot  be 
refilled.  These  batteries  are  the  only  ones  which  are  really  reliable  for 
fifteen  to  eighteen  months,  ivithout  requiring  re-charging  or  any  other 
attention  during  this  time,  and  are,  therefore,  more  convenient  than 
bichromate  batteries  or  accumulators  ; but  the  cells  have  to  be  replaced 
by  new  ones — even  if  the  battery  has  not  been  used — after  about  one-and- 
a-half  years.  New  cells  have  to  be  bought,  but  these  can  easily  be  put 
in  place  of  the  old  ones,  so  that  the  battery  itself  need  not  be  returned 
to  the  maker. 
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If  the  battery  need  not  be  portable,  fluid  I^clanch^  cells  are 
very  suitable  for  incandescent  lamps  ; but  large  cells  must  be  used,  at 
least  for  lamps  requiring  one  ampere.  As  to  the  refilling  of  liquid 
Leclanch^  cells,  see  page  1 1. 

For  Transformers  and  Rheostats  for  utilizing  the  loo  to  250  volt 
currents  from  dj’namos  for  small  surgical  lamps,  see  pages  44 54 

Rheostats  are  not  absolutely  necessary  for  surgical  lamp.s,  but  they 
are  most  convenient,  and  the  small  expense  of  obtaining  one  will  be 
made  up  in  a short  time,  because  fewer  lamps  will  be  destroyed  by  using 
them.  The  rheostat  had  best  be  fixed  on  the  battery,  as  in  this  way  it 
may  be  used  for  several  instruments.  Rheostats  for  surgical  lamps  ought 
to  have  a total  resistance  of  about  30  ohms,  which  can  be  inserted 
gradually.  They  are  best  made  of  German  silver  wire,  which  ought  to 
be  thick  enough  to  allow  a current  of  2 ampere  to  pass  without  getting  hot 

Galvanometers  are  not  necessary,  as  a bright  light  only  is  required, 
and  there  is  no  need  for  knowing  how  many  amperes  are  wanted  for 
each  lamp.  The  cords  need  not  be  as  thick  and  heavy  as  those  used  for 
cautery,  and  as  the  difference  between  the  positive  and  negative  poles 
is  of  no  consequence  in  this  case,  they  are  generally  so  twisted,  that 
there  seems  to  be  only  one  cord  leading  from  the  battery  to  the 
instrument. 

Normal  rate  of  Burning-. — The  amount  of  light  which  a lamp 
can  yield  may  not  be  increased  to  any  extent  by  increasing  the 
strength  of  current,  without  damaging  the  lamp.  The  carbon  filament 
should  be  a little  more  than  yellow.  If  this  degree  of  incandescence  is 
exceeded,  the  lamp  can  certainly  give  twice  as  much  light  than  under 
ordinary  circumstances,  but  its  life  gets  considerably  .shortened,  as  the 
carbon  filament  evaporates  by  being  over-heated.  If  the  current  u.sed  is 
very  much  in  excess  of  what  the  lamp  requires  for  becoming  white  hot, 
the  lamp  will  .stand  it  but  for  a few  minutes,  or  give  only  one 
momentary  flash.  If  the  current  which  the  lamp  requires  is  not 
known,  the  whole  resistance  of  the  rheostat  should  be  inserted,  and  the 
current  can  then  be  increa.sed  by  diminishing  the  resistance,  until  white 
heat  is  obtained.  The  life  of  small  surgical  lamps  varies  between  twenty 
and  one  hundred  lighting  hours  with  ordinary  use,  and  the  candle  power 
is  equal  to  one  to  five  candle.s. 

Faults. — If  the  instrument  fails,  examine  first  of  all  the  lamp. 
The  lamps  are  provided  with  an  arrangement  allowing  them  to  be 
exchanged  easily — in  most  cases  they  are  fitted  with  a screw,  which 
has  to  be  well  screwed  home.  The  lam[)s  may  get  loosened  by 
shaking,  heating,  etc.,  when  the  light  fails  this  ought  to  be  seen  to 
first.  T he  carbon  filament  m;iy  be  burned  through,  and  this  frccpiently 
shows  it.sclf  by  the  glass  looking  grey.  In  this  ca.se  the  lamp  has  to 
be  replaced  by  a new  one.  Hut  if  the  lamp  and  its  connection  with 
the  in.strumcnt  are  in  good  order,  and  .still  there  is  no  light,  the  fault 
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is  likely  to  be  in  the  battery,  and  may  be  found  out  in  the  way 
mentioned  already  under  galvanic  cautery  ; for  experience  shows  that, 
with  the  exception  of  the  lamps,  the  illuminating  instrument  itself  is 
hardly  ever  in  want  of  repair.  The  sparks  obtained  from  batteries  for 
the  electric  light  are  not  nearly  as  strong  as  those  yielded  by  the 
cautery  batteries,  and  therefore  it  requires  more  attention,  especially  in 
daylight,  to  find  out  whether  the  battery  gives  a spark  or  not.  With 
plunge  batteries,  the  fault  may  be  easily  set  right,  but  accumulators  have 
to  go  back  to  the  electrician.  For  Leclanch^  dry  batteries  new  cells 
have  to  be  bought,  but  they  can  easily  be  put  in  place  of  the  old  ones 
and  reconnected,  so  that  there  is  no  need  of  sending  the  batteries  back. 


FARADISATION. 


The  genius  of  Faraday  taught  the  world  another  way  of  producing 
electricity.  He  found  out  that  in  a closed  circuit  a current  is  induced  as 
often  as  a magnet  is  approached  to  this  conductor,  or  withdrawn  from  it, 
or  as  often  as  a current  is  closed  or  interrupted  in  the  neighbourhood  of 
the  closed  circuit.  This  discovery  was  the  first  step  towards  producing 
electricity  by  mechanical  power — towards  the  dynamo,  telephone,  and  all 
the  marvellous  acquisitions  of  the  last  thirty  years. 

Opigrin  of  the  Induced  Currents. — If  the  two  ends  of  a wire  are 
connected  with  a sensitive  galvanometer,  and  a magnet  is  approached  to 
the  wire,  the  needle  of  the  galvanometer  declines  as  long  as  the  magnet  is 
approaching,  and  returns  to  o if  we  cease  to  change  the  distance  between 
wire  and  magnet.  If  we  withdrazu  the  magnet,  the  needle  declines  again, 
but  tn  the  opposite  dh-ection.  If  in  the  neighbourhood  of  the  closed  con- 
ductor a .second  wire  is  drawn  parallel  to  the  first  one,  and  the  ends  of 


this  second  wire  are  connected  with  a galvanic  cell,  the  needle  deflects 
the  moment  the  circuit  is  closed,  although  there  is  no  connection  what- 
ever between  the  two  wires  ; but  it  returns  to  o immediately  afterwards, 
and  remains  there,  although  the  galvanic  current  continues  to  circulate 
in  the  .second  wire.  If  we  diminish  or  interrupt  the  current,  the  needle 
deflects  again,  but  in  the  opposite  direction.  This  shows,  that  the 
approaching  and  the  withdrawing  of  a magnet,  or  the  maxing  and  the 
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breaking  of  a current  in  a conductor  close  by,  induces  currents  in  a 
closed  circuit,  which,  however,  are  of  very  short  duration  only,  and  which 
pass  iii  opposite  directions. 

Alternating’  Currents. — The  currents  induced  hy  closhig  galvanic 
current  pass  in  the  direction  opposite  to  that  of  the  inducing  current  ; 
the  currents  induced  by  breaking  the  inducing  current  pass  in  the  same 
direction  as  the  inducing  current.  If  we  make  and  break  the  inducing 
current  very  often  consecutively,  we  induce  each  time  a momentary 
current  in  another  conductor  ; but  the  directions  of  these  induced  currents 
keep  changing,  and  for  this  reason  we  call  them  alternating  currents,  in 
contrast  to  those  currents  which  keep  their  polarity. 

Wag’neP’s  Hammer. — Wagner’s  hammer  (see  diagram,  p.  40)  is 
most  frequently  used  for  rapidly  making  and  breaking  the  current.  The 
current  pas.ses  through  the  electro-magnet,  through  the  hammer,  the 
contact  screw,  and  back  to  the  battery  ; or  else  it  can  be  made  to  pass 
from  the  contact  screw  through  the  inducihg  wire  and  then  back  to  the 
batter)’.  As  soon  as  this  arrangement  is  connected  with  a cell,  the 
electro-magnet  becomes  magnetic  and  attracts  the  hammer,  which  conse- 
quently leaves  the  platinum  point  of  the  contact  screw.  This,  however, 
interrupts  the  current,  the  electro-magnet  cea.ses  to  be  magnetic,  and  a 
spring  causes  the  hammer  to  fly  back  ; as  soon  as  it  touches  the  plati- 
num point  again,  the  current  is  clo.sed  once  more  and  the  hammer  attracted, 
and  this  play  lasts  as  long  as  the  apparatus  is  connected  with  a cell 
giving  a current.  The  wire  through  which  the  inducing  current  pas.ses 
is  called  the.  primary  wire,  and  the  wire  in  which  currents  are  induced  is 
called  the  secondary  wire  ; the  induced  current  is  called  the  secondary 
current. 

Self-Induction.  Extra  Currents.— For  various  reasons  we  do  not 
draw  the  primary  and  .secondar)’  wires  in  a straight  line,  but  wind  them 
in  spirals  on  cylinders  of  wood,  paper,  etc.,  which  are  made  of  such  sizes 
that  the  primary  coil  can  be  pushed  into  the  secondary  coil.  In  a spiral 
each  turn  of  the  wire  is  parallel  with  the  previous  and  following  turns  of 
the  same  spiral,  and  a current  which  passes  through  a turn  of  the  spiral 
must  have,  therefore,  an  inducing  influence  too  on  the  other  turns  close 
by.  This  effect  of  the  different  turns  of  the  same  spiral  on  one  another 
is  called  self-induction,  and  the  current  thus  induced  is  called  the  extra 
current.  If  the  current  is  made,  the  e.xtra  current,  too,  has  an  opposite 
flirection  to  the  inducing  current,  and  thereby  retards  and  lueakens  the 
inducing  current,  and  consequent!)'  the  secondar)’  current,  too  ; but  if  the 
inducing  current  is  interrupted,  the  e.xtra  current  flows  in  the  same 
direction  as  the  inducing  current,  and  increases  thereby  the  latter  current 
very  considerably,  and  consccjuently  the  secondary  current,  too.  1 he 
shocks  which  arc  induced  by  making  and  breaking  the  inducing  current 
arc,  therefore,  of  very  unequal  strength  ; tho.se  induced  by  breaking  Uic 
iiulucing  current  predominate  very  much,  and  the  signs  + and  - which 
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are  near  the  terminals  of  the  better  induction  coils  are  intended  to  show 
the  direction  of  the  currents  induced  by  breaking  the  inducing  current. 
The  signs  would  have  no  meaning  if  the  currents  induced  by  making 
and  breaking  the  inducing  current  had  an  equal  strength,  as  they  follow 
one  another  in  opposite  directions. 

Primary  Currents. — If  we  connect  one  or  two  galvanic  cells  with  a 
Wagner’s  hammer,  which  is  provided  with  a small  electro-magnet  onl)', 
and  connect  the  cells  by  means  of  two  further  wires  with  two  electrode.s, 
which  we  hold  in  our  hands,  we  shall  not  feel  the  making  or  breaking  of 
the  current.  But  if  the  current  has  to  pass  a primary  coil  with  several 
hundred  turns  of  wire  besides  the  Wagner’s  hammer,  each  breaking  of 
the  current  gives  us  a decided  shock,  the  strength  of  which,  amongst  other 
things,  depends  upon  the  number  of  turns  of  the  coil  ; this  shock  is 
caused  by  the  extra  current.  This  is  the  primary  current,  which  we 
obtain  from  medical  induction  apparatus  ; it  is  an  intermittent  galvanic 
current,  very  considerably  increased  by  the  extra  current,  but  it  is  not  an 
alternating  current.  We  shall  come  back  to  a further  difference  between 
primary  and  secondary  currents  later  on. 

Iron  Core. — The  inducing  effect  of  a current  is  considerably  in- 
creased by  letting  it  act  simultaneously  with  a magnet,  and  this  can  be 
arranged  easily  if  the  primary  wire  is  wound  round  an  iron  core,  or 
better,  if  it  is  wound  round  a cylinder  into  which  an  iron  core  can  be 
pushed.  It  is,  however,  preferable,  that  the  iron  core  should  consist  of  a 
bundle  of  softiron  wires,  as  the.se  take  and  lose  magnetism  much  quicker 
than  solid  iron.  In  this  way  two  powers  act  inducing  in  the  same 
direction  and  exactly  at  the  same  time,  the  making  and  breaking  of  the 
inducing  current,  and  the  sudden  appearance  and  disappearance  of  a 
strong  magnet. 

E.M.F.  of  the  Induced  Current. — The  E.M.F.  of  the  induced 
current  depends  on  the  number  of  turns  of  wire  which  a coil  has  ; the 
more  turns  the  higher  the  E.M.F.  (2),  on  the  strength  of  the  inducing 
currents  ; the  stronger  the  latter,  the  higher  the  E.M.F.  of  the  induced 
currents.  (3),  on  the  presence  or  absence  of  an  electro-magnet  ; its 
presence  increases  the  E.M.F.  of  the  induced  current  very  materially. 
(4),  on  the  suddenness  of  the  break  of  the  inducing  current.  Ultimately 
the  E.M.F.  of  the  secondary  current  depends  on  the  distance 
between  the  secondary  and  primary  coils  ; the  closer  they  are  together, 
the  higher  is  the  E.M.F.,  and  vice  versa. 

Strength  of  the  Induced  Current. — The  strength  of  the  induced 
current  depends  too  on  Ohm’s  law.  If,  for  instance,  an  induced  current 
has  70  volts,  and  the  resistance  of  the  secondary  coil  is  610  ohms,  and  the 
resistance  of  the  patient  2,300  ohms,  the  strength  of  the  current  would  be 
70  volts 

610  -f  2,300  ohms^  amperes  = 24  milhamperes. 
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Measuring-  the  streng-th  of  Induced  Currents.— The  strength  of 
the  induced  currents  cannot  be  measured  with  an  ordinary  galvanometer, 
partly  because  the  secondary  current  is  alternating,  and  would,  therefore, 
make  the  needle  deflect  one  moment  to  the  right,  and  the  next  moment, 
to  the  left  There  are  certainly  some  galvanometers  without  permanent 
magnets,  which  might  be  used,  but  the  chief  obstacle  is  that  the  currents 
are  intermittent,  i.e.,  as  the  shocks  last  but  a very  short  time,  the  gal- 
vanometer remains  for  a time  without  any  current,  until  a second  impulse 
occurs.  If  the  interruptions  follow  one  another  very  quickly,  such  a 
galvanometer  would  indicate  more  current  than  if  the  interruptions  were 
slow,  although  in  both  cases  the  strength  of  current  would  be  e.xactly  the 
same.  The  only  possibility  for  measuring  medical  induction  currents  in 
ab.solute  units  consists  in  measuring  their  E.M.F.,  and  later  on  we  shall 
describe  an  apparatus  for  this  purpose. 

Chemical  Action  and  Mechanical  Effect  of  the  Induced 
Current. — The  chemical  action  of  faradic  currents  is  small,  principally  on 
account  of  their  very  short  duration,  and  moreover  because  they  are 
alternating,  so  that  each  following  impulse  in  the  secondary  current 
neutralises  partly  the  effect  of  the  preceding  impul.se.  The  mechanical 
effect  of  these  suddenly  appearing  and  disappearing  currents  on  the 
human  body,  however,  is  very  intense.  If  we  place  electrodes  on  the 
body,  the  muscles  contract  each  time  the  current  is  made,  and  much 
more  so  when  it  is  broken,  so  that  the  muscles  can  be  excited  with  these 
currents  to  a great  extent. 

Differences  in  the  Effects  produced  by  Primary  ahd  Secondary 
Currents. — The  effect  produced  by  the  secondary  current  depends  a 
great  deal  on  the  diameter  of  the  wire  which  is  used.  Very  fine  wires 
(o’ I millimetre,  or  finer)  produce  a pricking  local  pain,  but  not  ver}' 
strong  muscular  contractions  ; if  we  increase  the  diameter  of  the  wire, 
the  contractions  get  more  powerful ; if  the  secondary  coils  are  wound 
with  thick  wire  (No.  i8  to  22  B.W.G.)  they  produce  exactly  the  same 
effects  as  a primary  current,  i.e.,  less  local  pain,  but  powerful  contractions 
of  the  mu.scles  near  the  electrode.s,  or  even  in  the  whole  body.  1 he 
primary,  or  the  .secondary  current  produced  in  a coil  with  thick  wire,  is 
frequently  applied  if  the  deeper  lying  organs,  such  a.s,  for  instance,  the 
bowels,  etc.,  are  to  be  treated,  whereas  the  secondary  current  produced 
by  a coil  with  fine  wire  is  chiefly  u.sed  for  the  treatment  of  mu.scles  and 
nerves  which  are  near  to  the  skin.  This  is  the  practical  difference 
between  primary  and  .secondary  currents.  It  is  no  doubt  only  due  to  the 
great  difference  in  the  re.sistance  of  the  coils  and  in  the  K.M.l  .,  but  it  is 
impossible  to  draw  a sharp  line  between  them,  and  to  define  accurately 
in  what  cases  the  one,  and  in  what  ca.ses  the  other  should  be  app  le  . 
For  the  electric  bath  the  primary  current,  or  a secondary  coil  with  thick 

wire  only  can  be  used. 

Construction  of  Medical  Coils.— The  shape  and  external  appear- 
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ance  of  the  coils  used  for  medical  purposes  vary  very  much,  but  still  (if 
we  except  the  magneto-electric  machines,  which,  on  account  of  several 
deficiencies,  are  rarely  used  now)  they  are  all  constructed  on  the  same 
principle.  The  primary  coils  have  between  lOO  and  600  turns  of  wire. 
The  resistance  of  the  primary  coils  is  made  small,  5 to  1 5 ohms,  so  that 
one  or  two  cells  can  produce  a strong  current  in  them  already,  and  the 
diameter  of  the  wire  ought,  therefore,  not  to  be  too  small.  Insulated 
copper  wire.  No.  22  B.W.G.,  is  mostly  used  for  the  primary  coils.  The 
E.M.F.  of  the  primary  current  varies  under  these  circumstances  between 
5 and  30  volts,  according  to  the  number  of  turns,  and  according  to- 
whether  the  iron  core  is  drawn  out  or  pushed  home. 

How  to  Regulate  the  Primary  Currents. — The  E.M.F.  of  the 
primary  current  can  be  regulated  in  different  ways  ; for  instance,  by 
inserting  a larger  or  smaller  number  of  turns  of  wire  by  means  of  a crank, 
etc.  The  simplest  and  almost  only  method  practically  used,  however,  i.s 
to  regulate  the  E.M.F.  by  pushing  the  iron  core  in  and  out.  The  primary 
current  is  weakest  if  the  iron  core  is  drawn  out,  and  gets  stronger  the 
more  it  is  pushed  in.  Instead  of  drawing  the  iron  core  out,  a damper  in 
the  shape  of  a brass  or  copper  tube  can  be  slipped  over  it  with  the  same 
effect.  If  the  iron  core  is  entirely  covered  with  the  tube,  its  inducing 
power  ceases  to  act,  but  the  E.M.F.  increases  the  more  the  brass  tube  is 
withdrawn.  The  position  of  the  secondary  coil  has  no  influence  on  the 
strength  of  the  primary  current. 

How  to  Regulate  the  Secondary  Current. — The  secondary  coil 
is  generally  constructed  with  a large  number  of  tupns  of  wire,  about  2,000 
to  6,000  turns,  for  in  most  cases  it  is  desired  to  obtain  a high  E.M.F. 
The  wire  used  for  it  is  generally  thin  copper  wire,  about  No.  36  B.W.G. 
The  resistance  of  the  secondary  coil  varies  under  these  circumstances 
between  100  and  900  ohms,  and  the  E.M.F.  between  10  and  about  200 
volts.  The  strength  of  the  secondary  current  can  be  regulated  in 


Fig.  19. 

different  ways.  If  the  apparatus  has  a small  primary  coil,  it  is  sufficient 
for  all  purposes  of  treatment  to  regulate  the  strength  of  the  secondary 
current,  merely  By  pushing  the  iron  core  in  and  out,  for  a current 
which  is  hardly  to  be  felt  when  the  iron  core  is  drawn  out  can  be 
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increased  quite  gradually  to  painful  strength  by  pushing  it  home.  The 
more  complete  coils,  however,  are  so  arranged,  that  the  distance  between 
the  primary  and  secondary  coil  can  be  easily  changed.  In  this  case  the 
secondary  coil  slides  on  a sledge,  and  can  be  pushed  over  the  primary 
coil,  or  be  drawn  away  from  it,  an  arrangement  which  allows  an  e.xceed- 
ingly  fine  regulation  of  the  current.  These  sledge  coils,  which  were  first 
suggested  by  Dubois  Reymond,  are  decidedly  preferable  to  any  other 
coils  for  diagnostic,  and  for  physiological  purpo.ses.  The  strength  of 
current  in  this  apparatus  can  be  further  regulated  by  pushing  the  iron 
core  in  and  out.  The  secondary  current  might  al.so  be  regulated  by 
means  of  a crank  which  inserts  more  or  less  turns  of  wire,  but  this  does 
not  allow  as  fine  graduations  as  the  moving  of  the  iron  core  or  the  coils  ; 
— or  it  might  be  regulated  with  rheostats  ; but  this  is  not  very  practical 
and  is  seldom  used  as  high  resistances  would  be 
required. 

Rapidity  of  Interruptions. — The  Wagner 
hammer  of  an  induction  apparatus  can  be 
regulated  within  certain  limits,  so  that  the 
interruptions  follow  one  another  slower  or 
quicker.  The  .sooner  the  hammer  meets  the 
platinum  point  again  after  having  been  drawn 
away  from  the  electro-magnet  by  the  force  of 
a spring,  the  sooner  the  current  is  clo.sed,  and 
the  hammer  attracted  again.  The  further  we 
.screw  this  contact  screw  home  the  quicker 
will  be  the  vibrations;  but  if  we  screw  it  too 
tightly,  the  hammer  has  no  room  for  moving  any  more,  and  ceases 
to  work.  The  more  we  unscrew  the  contact  screw,  the  slower  will  the 


interruptions  follow  one  another,  but  we  must  not  unscrew  it  too  far,  as 
the  hammer  must  make  good  contact  with  the  platinum  point  in  flying 
back,  else  it  would  al.so  cease  to  vibrate.  The  power  of  the  spring,  as 
well  as  the  strength  of  the  inducing  current,  have,  however,  something  to 
do  with  the  rapidity  of  the  interruptions.  In  order  to  make  the  inter- 
ruptions even  slower,  the  hammer  can  be  lengthened  with  a bar,  on  which 
an  aluminium  ball  can  be  raised  or  lowered.  The  longer  this  pendulum 
is,  the  slower  are  the  interruptions  ; they  can  be  reduced  to  twenty  or  even 
less  per  minute.  A few  apparatus  are  fitted  with  a clock  work,  which  can 
be  made  to  run  at  any  speed,  and  the  interruptions  produced  per  minute 
are  accurately  registered  by  the  clock  work.  Slow  interruptions  produce 
more  powerful  and  painful  contractions  than  (piick  ones.  If  the  number 
of  interruptions  is  very  great,  anaesthesia  can  be  produced,  and  special 
apparatus  have  been  made  for  obtaining  this  result. 

What  are  the  most  suitable  Elements?  Bichromate  Cells.— 
Various  kinds  of  elements  may  be  used  for  working  medical  coils  ; we 
will  bc*gin  with  the  bichromate  cell.  We  have  already  mentioned  its 
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advantages,  i.e.,  its  high  E.M.F.,  small  internal  resistance,  and,  more 
especially,  the  fact  that  it  can  be  easily  kept  in  order  without  technical 
help,  and  these  qualities,  added  to  its  small  size  and  cheapness,  render  it 
very  suitable  for  the  majority  of  medical  coils.  One  cell  is  sufficient  for 
supplying  a strong  inducing  current.  The  vessels  for  the  elements  are 
best  made  of  strong  glass,  as  all  ebonite  vessels  leak  after  a time.  The 
cells  are  closed  with  india-rubber  stoppers  to  prevent  spilling  in  carrying 
the  apparatu.s.  The  acid  consists  of  i oz.  bichromate  of  potassium, 
dissolved  in  10  ozs.  of  water  to  which  are  added  2^  ozs.  strong  sulphuric 
acid,  and  ^ oz.  bisulphate  of  mercury.  As  the  acid  does  not  decompose, 
it  is  best  to  mix  about  a pint  at  a time.  If  the  acid  turns  green,  the 
cells  should  be  emptied,  rinsed  out  and  re-filled  with  fresh  solution. 
With  most  of  the  portable  apparatus  one  charge  of  the  cell  suffices  to  keep 
the  hammer  going  for  about  two  hours.  The  fact  that  acid  cells  are 
troublesome  on  account  of  the  frequent  re-charging  and  the  inconstancy 
of  the  cells,  has  been  the  cause  that  other  cells  have  come  into  use  for 
working  the  coils  as  well. 

Leclanch^  Cells. — Large  Leclanche  cells  are  also  very  well  suited 
for  working  coils,  and  are  used  for  them  in  all  office  batteries. 

Dry  Cells. — Leclanche  dry  cells  are  so  very  well  suited  for  portable 
induction  coils,  that  the}'  supersede  all  other  cells  for  this  purpose. 
They  are  much  more  constant  than  the  acid  cells,  but  the  chief 
advantage  is  that  they  contain  no  acid  to  spill  and  corrode  the  coil, 
clothes,  etc.  It  is  no  exaggeration  to  say,  that  under  100  cases  in  which 
coils  went  out  of  order  and  required  repairs,  it  was  99  times  due  to  the 
spilling  and  evaporation  of  acid.  We  have  sold  many  hundred  coils 
with  dry  cells  during  the  last  eight  years,  and  none  of  them  has  come 
back  for  any  other  purpose  except  the  renewal  of  the  cells.  An  Obach 
R.  cell,  measuring  if  x if  x 4^  inches,  will  work  for  instance  a Spamer 
coil  for  30  to  70  hours  (according  to  whether  the  iron  core  is  withdrawn 
or  pushed  home)  and  when  exhausted,  it  costs  2s.  6d.  to  replace  this  cell 
b}'  a new  one.  The  acid  and  zinc  required  for  working  the  same  coil 
for  a similar  length  of  time  would  cost  more, — not  reckoning  the  damage 
done  by  the  acid  to  the  coil,  the  temper,  clothes,  etc.  After  long 
experience  with  these  cells  in  our  coils,  we  would  cease  to  make  coils 
with  acid  cells  altogether  if  the  latter  had  not  still  some  advantage  for 
the  Colonies  and  out-of-the-way  places,  where  the  dry  cells  cannot  so 
easily  be  replaced.  New  dry  cells  can  easily  be  put  in  the  place  of  the 
old  ones  without  returning  the  coil  to  the  maker. 

Thermopiles. — If  an  apparatus  need  not  be  portable,  or  if  experi- 
ments have  to  be  made  where  absolute  constancy  of  the  inducing  current, 
even  for  years,  is  of  importance,  thermopiles  are  most  suitable,  as 
their  E.M.F.  changes  less  than  the  F.M.F.  of  any  other  source  of 
electricity.  They  are  .started  by  lighting  a small  gas,  oil,  or  spirit  flame 
They  are  convenient  and  reliable  for  all  induction  coils  which  have  not 
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to  be  portable,  and  they  are  not  likely  to  require  repair,  unless  they  get 
damaged  by  a fall  or  some  such  misadventure. 

pEUlts.  If  an  induction  coil  fails,  you  should  see  first  whether  the 
element  is  exhausted.  Acid  cells  require  refilling  about  once  in  a 
fortnight,  if  the  apparatus  is  in  daily  u.se.  If  you  are  sure  that  the  cell 
is  all  right  and  gives  the  necessary  current,  you  should  see  whether  the 
interrupter  is  in  order.  The  interrupter  is  the  most  delicate  part 
of  the  induction  coil,  and  therefore  you  should  be  careful  not  to 
interfere  with  the  contact  screw  if  it  is  not  strictly  necessary ; for  very 
often  apparatus  which  were  in  quite  good  order  have  been  spoiled  by 
playing  with  this  screw.  The  interrupter  does  not  always  start  of  its 
own  account,  and  has  to  be  put  in  vibration  by  being  slightly  touched  with 
a finger.  The  hammer  should  be  arranged  so  that  its  distance  from  the 
electro-magnet  is  about  the  xVth  part  of  an  inch,  and  the  platinum  point 
of  the  contact  screw  should  just  touch  it.  Those  apparatus  in  which 
the  hammer  is  fastened  to  a rigid  bar,  as  in  Nos.  6,  6a,  7,  8,  16,  and  all 
sledge  coils,  are  less  liable  to  get  out  of  order  and  to  require  readjust- 
ment than  those  coils  the  hammer  of  which  is  attached  to  a watch  spring, 
as  coils  I to  5,  9 and  14.  The  interruptions  of  these  latter  apparatus 
are  also  frequently  less  regular.  If  an  interrupter  has  not  the  proper 
distance  from  the  electro-magnet,  it  has  to  be  carefully  bent,  till  it 
keeps  the  proper  distance.  The  spark  on  the  interrupter  attracts  dust, 
and  the  little  platinum  sheet  should  be  cleaned  occasionally  with  fine 
emer\^  paper.  Oil  should  on  no  account  be  allowed  on  the  interrupter. 

If  the  apparatus  fails,  although  cell  and  interrupter  are  in  order,  see 
whether  the  connectt7ig  cords  are  in  order.  We  should  like  to  repeat  here, 
that  it  is  of  no  use  to  test  an  apparatus  by  touching  the  terminals  or  the 
connecting  cords  with  two  fingers.  An  apparatus  can  only  be  tested 
with  well  soaked  and  properly  connected  electrodes.  The  coil  and 
the  connections  are  very  well  protected,  and  can  be  damaged  only  b}-^ 
spilling  a good  deal  of  acid  ; the  connections  get  oxidised  in  such  a 
ca.se,  or  the  wires  may  even  be  eaten  through.  An  apparatus  damaged 
in  this  way  has  to  be  sent  back  to  the  manufacturer. 

Faradimeter. — Before  closing  this  chapter,  we  have  yet  to  describe  the  apparatus 
with  which  it  is  possible  to  measure  the  faradic  current.  E.\perinients  have  shown 
that  currents  of  very  short  duration  produce  the  same  physiological  effects,  whether 
they  are  produced  by  a galvanic  battery,  a condensator,  or  an  induction  coil.  Based 
upon  this  experience,  Drs.  v.  Ziemssen  and  Edelmann  have  constructed  induction 
coils,  the  scales  of  which  arc  not  graduated  in  millim6tres,  but  in  volts.  In  order  to 
get  always  exactly  the  same  number  of  volts  out  of  the  secondary  coil,  with  a given 
distance  between  the  primary  and  secondary  coil,  it  is  necessary  that  the  inducing 
current  should  be  kept  constant.  For  this  purpose  the  apparatus  is  fitted  with  a 
rheostat  and  a galvanometer.  By  jircssing  a key,  the  inducing  current  may  be  sent 
through  the  g.alvanomctcr  and  a resistance,  which  is  equal  to  the  resistance  of 
the  primary  coil,  and  further  through  a variable  resistance,  with  which  the  strength  of 
current  can  be  regulated.  When  the  key  is  opened  the  current  passes  through  the  varia 
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ble  resistance  and  the  primary  coil.  In  this  way  the  strength  of  the  inducing  current  can 
be  conveniently  ascertained  and  regulated.  The  number  of  volts  marked  on  the  scale 
along  which  the  secondary  coil  slides  is  correct  as  long  as  the  strength  of  the  inducing 
current  is  exactly  300  milliamp^res.  The  scale  is  graduated  from  5 volts  to  200  volts. 
In  this  way  the  induced  current  can  be  measured  in  absolute  units  like  the  galvanic 
current. 


FRANKLINISATION. 


Static  electricity  is  now  used  very  frequently  for  nervous  and 
hysterical  diseases,  sleeplessness,  etc.,  in  America,  Austria,  Germany,  and 
especially  in  France,  but  in  Great  Britain  it  is  yet  seldom  used.  The 
reason  for  this  is,  no  doubt,  the  climate,  which  is  unfavourable  for  static 
machines  here,  but  as  there  are  now  machines  which  can  be  started  even  in 
the  dampest  weather,  a few  words  about  them  will  not  be  amiss.  As  far 
as  the  origin  of  static  electricity  is  concerned,  and  about  the  construction 
of  the  machines,  we  must  refer  to  larger  works  on  electricity.  Static 
machines  are  considered  by  many  physicists  the  most  ingenious  of  all 
physicial  instruments,  and  as  the  process  is  rather  complicated,  it  seems 
to  us  useless  to  attempt  to  describe  it  in  a few  words  only.  The  electri- 
city yielded  by  static  machines,  is  of  a very  high  E.M.F.  The  number  of 
volts  can  be  estimated  according  to  the  length  of  the  sparks. 

For  sparks  of  ot8  07  5 15-6  i8'8  mm.  length, 

have  approximately  1000  2000  5000  12000  15000  volts. 

Sparks  of  100  millimetres’  length  being  nothing  uncommon  with  such 
machines,  we  may  suppose  that  the  tension  amounts  frequently  to  100,000 
volts  and  more.  The  strength  of  current,  however,  is  exceedingly  small, 
and  the  chemical  effects  are  o for  all  practical  purposes. 

The  manner  of  application  is  about  as  follows  : For  general  franklin- 
isation  the  patient  is  placed  on  an  insulating  chair,  and  connected  with 
one  pole  of  the  machine  for  some  twenty  minutes.  For  local  applications 
he  is  also  mostly  placed  on  the  chair,  and  an  electrode  connected  with 
the  other  pole  is  brought  near  the  spot  which  is  to  be  franklinised.  If 
this  electrode  is  fitted  with  a point,  the  so-called  electrical  wind  appears, 
which,  according  to  Charcot  and  Boudet,  is  specially  valuable  for  neural- 
gic pains,  etc.  If  the  electrode  is  fitted  with  a ball,  sparks  appear,  which 
are  used  to  excite  paralysed  and  unsensitive  organs.  With  Morton’s 
electrode  the  spot  of  application  can  be  localised  exactly,  and  with  such 
an  arrangement  the  sparks  can  also  be  applied  internally. 

According  to  different  authors  it  seems  to  be  of  special  importance 
with  this  kind  of  electricity,  which  pole  is  applied  to  the  patient. 
According  to  them  (for  instance.  Dr.  Stein),  the  negative  pole  has  a 
depressing  influence  on  many  patients,  whereas  the  positive  pole  has  an 
invigorating  influence ; and  this  seems  to  be  in  accordance  with  the  fact. 
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that,  under  normal  conditions,  the  air  is  always  charged  with  positive 
electricity  (of  lOO  days  the  air  electricity  is  positive  on  about  95  days,  and 
negative  only  on  about  5),  and  only  under  abnormal  conditions,  during 
thunderstorms,  or  hail  and  heavy  storms,  etc.,  it  changes  to  negative 
electricity.  We  must  leave  it  to  our  readers  to  find  out  how  far  these 
statements  are  correct,  but  we  will  give  a few  hints  which  will  make  it 
possible  to  tell  the  negative  pole  from  the  positive  one.  In  a dark  room 
the  poles  can  be  easily  distinguished.  The  pole  bn  whose  comb  brushes 
of  light  appear,  is  charged  with  negative  electricity,  and  the  pole  on 
whose  comb  points  of  light  appear,  is  charged  with  positive  electricity. 
If  a burning  candle  is  placed  between  the  poles  of  a machine  in  action, 
the  flame  points  towards  the  positive  pole. 

Static  machines  are  turned  either  with  the  hand,  or  else,  and  this  is 
much  more  convenient,  with  small  motors.  In  towns  where  the  electric 
light  is  laid  on,  the.se  will  mostly  be  electro-motors,  but  in  other  places 
they  may  be  small  water  motors,  gas  motors,  etc.,  or  else  electro-motors 
which  are  driven  by  batteries.  About  the  treatment  of  these  machines, 
we  must  refer  to  the  directions  for  use  sent  with  the  different  machines. 


APPARATUS  FOR  UTILIZING  CURRENTS  FROM 
DYNAMOS  FOR  SURGICAL  & MEDICAL  PURPOSES. 


The  electrical  current  for  lighting  houses  is  nowadays  available  in 
.so  many  places,  and  there  is  so  much  demand  for  apparatus  which  make 
it  po.ssible  to  utilize  the  current  from  dynamos  for  medical  and  surgical 
purpose.s,  that  we  will  describe  them  in  a .separate  chapter. 

The  advantagres  of  the  Cuppent  fpom  Dynamos  are  numerous. 
There  is  no  nece.ssity  to  produce  electricity  by  means  of  corrosive 
chemicals  ; glass  cells  and  the  renewal  of  zincs  and  chemicals  is  not 
required,  and  there  is  no  ocdasion  to  send  the  apparatus  from  time  to 
time  to  the  hdectrician  for  cleaning  or  repair.  Instead  of  this  the 
current  is  supplied  ready  made.  I he  current  from  dynamos  is,  moreover, 
cheaper  than  that  produced  by  chemical.s.  The  original  e.\pen.ses  of  the 
apparatus  required  for  its  regulation  are  not  more,  .sometimes  even  less 
than  the  cost  of  batteries,  and  as  there  is  no  e.xpenditure  for  refilling  and 
repairing  the.se  apparatu.s,  they  are  decidedly  cheaper. 

Reliability  of  the  Appapatus. — In  1890,1  was  the  first  electrician 
whfj  began  to  construct  the.se  apparatus,  and  though  many  hundred  are 
now  in  rlaily  u.se,  no  comphaints  of  failures  have  reached  u.s. 

In  conscc|uencc  of  these  advantages  batteries  are  replaced  by  the.se 
apparatus  wherever  the  current  from  dynamos  is  available,  and  on 
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account  of  their  simplicity  and  reliability  many  a medical  man,  who  did 
not  care  to  be  troubled  with  batteries,  will  use  the  electrical  current  for 
surgical  and  medical  purposes  if  he  can  obtain  it  from  a dynamo. 

There  exist  two  kinds  of  current  which  may  be  used  for  lighting  up 
houses,  and  the  apparatus  required  for  utilizing  them  differ  considerably. 

Continuous  and  Alternating-  Current.— In  some  districts  they 
supply  the  continuous  or  low  tension  current,  the  E.M.F.  of  which  varies 
between  I oo  and  250  volts.  This  kind  of  current  suits  every  purpose 
for  which  electricity  in  medicine  and  surger}-  is  required,  t.e.,  for 
galvanisation,  electrolysis,  faradisation,  cautery,  surgical  lamps,  running 
motors,  exciting  spark  coils  for  Rbntgen  rays,  and  charging  accumulators. 

In  other  districts  the  current  supplied  is  oscillating  rapidly,  and 
changes  its  direction  or  polaritj-  many  thousand  times  per  minute.  This 
is  called  the  alternating  current.  Its  advantage  for  the  electric  light 
companies  lies  in  the  cheaper  distribution.  The  E.M.F.  in  the  mains  in 
the  street  is  between  2,000  and  5,000  volts,  and  with  so  high  an  E.M.F. 
50  times  as  much  electricity  can  be  .sent  through  a conductor  of  given 
diameter  than  would  be  possible  with  an  E.M.F.  of  only  100  volts. 
The  cables  can  therefore  be  made  much  thinner,  but  the  insulation  has 
to  be  more  efficient.  When  brought  into  a house,  the  alternating  current 
passes  through  a transformer,  which  reduces  this  high  E.M.F.  to  100 
volts,  in  a few  cases  to  200  volts.  On  account  of  the  continuous  reversal 
of  direction  this  current  carmot  be  used  for  gah-anisation,  electrolysis,  or 
charging  accumulators  ; it  is  however,  as  we  shall  see  later  on,  much  more 
conv-enient  than  a continuous  current  for  cautery,  surgical  lamps,  and  for 
sinusoidal  faradisation,  and  it  can  also  be  used  for  driving  motors. 

It  is  impossible  to  use  currents  of  100  and  more  volts  directly  for 
medical  purposes.  Patients  would  receive  severe  shocks  and  dangerous 
currents  if  such  a voltage  were  applied  directly,  and  cautery  burners  or 
small  surgical  lamps  would  become  instantly  fused.  P’or  these  reasons 
we  require  apparatus  enabling  us  to  control  the  currents. 

Apparatus  for  Controlling-  the  Continuous  Current. — Resistances 
which  would  protect  the  patient  from  an  overdose  might  be  interposed 
between  dynamo  and  patient  or  cautery  burner  in  the  circuit.  According 
to  Ohm’s  law  a resistance  of  100,000  ohms  would  reduce  a 1 00- volt  current 
to  O'OOi  ampere  (i  milliampere)  and  a resistance  of  about  6 ohms  would 
reduce  the  loo-volt  current  to  suitable  dimensions  for  a cautery  burner 
of  average  size.  This  connection  “ in  series  ” has,  however,  shown  certain 
defects.  Even  a weak  current  of  say  2 milliamperes,  which  would  not 
be  felt  at  all  if  produced  by  a battery  with  a few  volts,  produced  a 
peculiar  burning  sensation,  the  reason  of  which  has  not  yet  been  full}- 
e.xplained.  The  consequence  was,  that  patients  could  bear  a stronger 
current  from  batteries  than  from  dynamos.  With  cautery  burners, 
surgical  lamps,  etc.,  the  spark  started  by  breaking  the  current  was  so 
powerful  that  it  destroyed  the  contacts  in  cautery  handles,  etc.,  by 
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setting  up  an  arc  light  between  them.  These  drawbacks  have  caused  us 
to  try  another  method,  viz.,  by  inserting  the  patient  or  cautery  burner, 
etc.,  in  a shunt  circuit,  instead  of  connecting  them  in  series.  This  enables 
the  operator  to  change  not  only  the  ampere.s,  but  also  the  number  of 
volts  very  conveniently.  This  system  has  proved  a complete  success, 
and  apparatus  constructed  accordingly  allow  a finer  and  more  gradual 
regulation  of  the  E.M.F.  than  can  ever  be  obtained  by  the  best  current 
collector  connected  with  batteries. 

Shunt. — I will  try  to  explain  the  principle  of  this  shunt  connection, 
which  is  the  same  in  all  apparatus,  whether  they  are  intended  for 
galvanisation  or  cautery. 


If  a current  passes  through  a resistance  A B,  and  we  connect 
another  conductor  with  two  points  of  this  circuit,  say  at  C and  B,  a 
current  will  circulate  in  this  second  conductor  as  well,  and  the  E.M.F.  in 
this  shunt  circuit  C X B is  in  the  same  proportion  to  the  E.M.F.  between 
A and  B as  the  resistance  between  C B is  to  that  between  A B.  If,  for 
instance,  the  E.M.F.  between  A and  B is  lOO  volts,  and  the  resistance  in 
C B one  half  of  that  in  A B,  then  the  E.M.F.  in  C X B will  be  50  volts, 
or  it  would  be  10  volts  if  the  resistance  in  C B \yere  only  one-tenth  of 
that  in  A B.  According  to  the  spot  were  C is  connected  we  can  obtain 
for  the  shunt  circuit  C X B any  E.M.F.  we  like,  from  o upwards  ; only,  of 
course,  it  cannot  exceed  the  E.M.F.  existing  between  A and  B,  and  if  the 
apparatus  is  so  constructed  that  C is  movable,  the  E.M.F.  in  C X B can 
easily  be  varied  by  moving  the  point  C. 

With  this  arrangement  we  need  not  employ  more  volts  than  are 
nece.ssar>’  for  obtaining  the  desired  strength  of  current  in  X.  X repre- 
sents either  a patient,  or  a cautery  burner,  or  spark  coil,  or  small 
lamp,  etc. 

The  strength  of  current  in  the  shunt  circuit  depends  on  the  E.M.F. 
and  the  proportion  of  the  resistance  in  C X B to  that  in  C B.  If  these 
resistances  were  equal,  the  current  would  have  an  equal  strength  in  both 
loops  ; if  the  resistance  in  C X B is  greater  than  that  in  C B,  more 
current  will  pass  through  C B than  through  C X B. 

If  the  current  in  C X B is  interrupted  near  X there  will  be  no  spark, 
because  the  current  in  A B has  not  been  broken,  only  a part  of  it  has 
been  shunted  to  another  branch  ; moreover,  it  has  been  proved  that 
with  such  a connection  a current  from  a dynamo  can  be  endured  just  as 
easily  as  a similar  current  from  a battery  ; the  «>nly  di.sadvantage  i.s, 
that  the  part  of  the  current  jjassing  thrt)Ugh  ('  B i.s  wasted.  The  currents 
employed  for  galvanisation,  electrolysis,  faradisation,  and  surgical  lamps 
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are  so  weak  that  this  waste  is  not  worth  mentioning,  it  will  scarcely 
amount  to  one  shilling  during  a whole  year  ; for  cautery  or  exciting 
spark  coils  the  loss  is  greater.  However,  the  electricity  generated  by 
dynamos  is  much  cheaper  than  that  produced  by  batteries  ; we  shall 
refer  to  the  actual  cost  later  on  under  rheostats  for  cautery. 

Apparatus  for  Galvanisation  and  Electrolysis. — In  order  to 
regulate  currents  of  lOO  to  250  volts  conveniently  for  galvanisation  and 
electrolysis,  a specially  constructed  rheostat  is  used.  Over  500  turns  of 
a fine  platinoid  wire  are  wound  round  a slate  core,  and  the  single  turns 
are  insulated  from  one  another.  As  the  maximum  current  required  for 
electrolysis  does  not  exceed  0'3  amperes,  the  wire  may  be  thin  without 
any  risk  of  its  getting  hot.  In  order  to  obtain  the  required  current 


through  the  patient’s  body,  the  platinoid  wire  must  have  a resistance  of 
not  less  than  400  ohms.  The  point  C consists  of  a sliding  spring 
movable  along  the  rheostat,  as  shown  in  the  diagram.  An  incandescent 
lamp  of  8 to  16  candle  power  is  also  in.serted  in  the  circuit,  partly  to 
protect  the  patient  against  a dangerous  dose,  partly  to  increase  the 
resistance  to  prevent  overheating  of  the  platinoid  wire  through  too 
much  current.  It  also  shows  the  doctor  when  the  apparatus  is  connected 
with  the  main,  for  the  lamp  remains  burning  as  long  as  the  switch  is 
•closed,  whether  the  electrodes  are  connected  with  a patient  or  not. 

If  the  sliding  spring  is  on  the  right  hand  side,  near  B,  the  E.M.F. 
between  the  terminals  leading  to  the  patient  is  only  a small  fraction  of  a 
volt.  It  will  increase  as  we  move  the  spring  towards  the  left.  In  conse- 
quence of  the  large  number  of  turns  the  increase  is  very  gradual,  about 
o 14  volt  per  turn,  and  when  the  spring  is  quite  on  the  left  hand  side, 
near  A,  the  maximum  number  of  volts  obtainable  has  been  reached. 
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\\  ith  a loo-volt  supply  and  an  8-candle  lamp  in  circuit,  this  maximum 
will  be  about  6o  volts.  This  rheostat  we  call  a volt  regulator*  ; it  may 
also  be  used  in  connection  with  batteries. 

The  diagram  shows  a galvanometer,  which  should  always  be 
employed  with  these  apparatus.  If  batteries  are  used,  the  number  of 
cells  is  an  unreliable  control,  but  still  .some  .sort  of  a guide  to  estimate 
the  current,  but  with  a lOO-volt  current  without  a galvanometer  one 
works  absolutely  in  the  dark. 

There  are  yet  other  accessories  which  may  be  inserted  in  the  shunt 
circuit,  as  current  reversens,  etc.,  but  as  they  do  not  differ  from  tho.se 
used  for  batteries,  we  refer  the  reader  to  pages  1 5 — 20. 

Is  the  Current  from  Dynamos  quite  Safe  P We  have  been  asked,  is  it  safe  to 
use  currents  from  dynamos  for  medical  purposes  ? It  is  impossible  to  settle  this 
question  in  general,  it  depends  too  much  on  special  circumstances. 

The  fear  has  been  expressed,  that  by  some  accident  the  E..M.F.  might 
suddenly  rise  to  dangerous  proportions.  This  objection  is  admissible  only  in 
towns  where  both  low  tension  and  high  tension  systems  are  used,  and  where  the 
wires  are  drawn  overhead.  A collapse  of  the  supports  caused  by  fire  or  storm 
might  bring  the  different  wires  in  contact.  But  all  the  cables  in  Great  Britain 
are  laid  underground,  and  this  makes  accidents  of  such  a nature  impossible. 
Moreover,  a dynamo  built  to  supply  100  volts  cannot  possibly  yield  suddenly  200 
or  more  volts.  In  our  opinion,  these  apprehensions  are  unfounded. 

There  is,  however,  another  danger.  The  current  might  be  suddenly  broken,  or 
the  dynamo  might  be  switched  off  and  a batter>'  of  accumulators  switched  on 
instead.  Such  a change  is  likely  to  happen  once  in  the  morning  and  once  in  the 
evening  in  most  electric  light  stations.  If  the  strength  of  current  applied  to  the 
patient  does  not  exceed,  say,  20  milliamp^res,  such  an  unforeseen  break  may  be 
disagreeable,  but  not  dangerous  ; and  if  20  milliamp^res  are  not  exceeded,  we 
consider  the  current  from  a dynamo  quite  as  safe  and  more  convenient  than  the 
current  from  a batter)' ; but  it  is  different  when  heavier  currents  are  to  be 
employed,  for  instance,  for  electrolysis.  A sudden  break  while  50  milliamp6res 
are  passing  through  the  head,  or  200  milliamp^res  through  the  abdomen,  might 
have  serious  consequences  ; and  if  a doctor  intends  to  employ  currents  as  strong 
as  this,  we  should  advise  him  first  of  all  to  obtain  information  from  the  engineer  in 
charge  of  the  electric  light  station,  whether,  and  at  what  times  of  the  day  breaks 
will  happen,  and  whether  it  is  likely  or  possible  that  breaks  will  happen  at  any 
other  time.  We  should  not  advise  the  use  of  this  current  for  heavy  applications 
for  electrolysis,  until  re-assuring  information  has  been  obtained  from  the 
responsible  engineer. 

.A  possible  danger  may  arise  under  the  following  circumstances  : An  imperfect 
insulation  from  earth  of  the  conductors  in  the  street  will  cause  a leakage  of  current 
(in  some  systems  one  pole  is  “ earthed  ” intentionally).  If  patient  or  operator 
happen  to  stand  on  damp  ground,  they  too  are  connected  with  such  a leaking 
pole,  and  when  the  second  pole  is  connected  with  a cystoscope,  cauter>-  burner, 
or  electrode,  they  may  get  a disagreeable  shock,  the  strength  of  which  depends 
on  the  amount  of  leakage,  the  E.M.F.  in  the  main,  and  the  insulation  of  the 
patient  from  earth.  Safety  lamps,  fuse  wires,  etc.,  are  no  protection  against  these 
shocks.  The  only  real  protection  is  to  insulate  patient  and  operator  efficiently 
from  earth.  A dry  wooden  floor  is  a fairly  good  insulator.  Linoleum  on  wooden 
fltKjr  will  suffice  nearly  always.  If,  however,  the  leakage  is  very  bad,  or  the  floor 
very  damp,  a perfect  insulation  can  be  obtained  without  serious  expense  by  means 
of  a board  placed  on  porcelain  or  glass  insulators,  hor  an  electrical  bath  the 
tub  should  be  of  porcelain  and  no  metal  pipes  should  be  in  contact  with  the  water 
in  the  bath. 


‘Dr.  Hedley,  of  the  Electrical  Department,  London  flospital,  writes  to  us  aljout 
the  Volt  Regulator  as  follows  : “ / hm/e  tried  the  volt  regulator,  and  I thtnk  the 
sliding  shunt  is  very  smooth  and  satisfactory-  The  compactness  and  the  arrangement 
are  wonderful. 
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Apparatus  for  Faradisation. — A coil  for  faradisation  is  frequently 
connected  with  the  above  described  apparatus  for  galvanisation.  A 
current  of  about  0'5  amperes  is  required  to  work  the.se  coils,  and  the 
easiest  way  of  obtaining  it  is  by  inserting  an  incande.scent  lamp  in  the 
circuit  as  a resistance.  With  lOO  volts,  a 1 6-candle-power  lamp  is  the 
most  suitable,  and  a 32  to  50-candle-power  lamp  is  required  for  200  or 
230-volt  installations.  Combined  apparatus  of  this  kind  can  be  used  for 
exactly  the  same  purposes  as  the  combined  batteries.  De  Watteville’s 
key  (see  page  19)  can  also  be  used  with  them. 

We  cannot  find  any  advantage  in  trying  to  utilise  the  current  from 
dynamos  for  portable  faradic  coils,  except  in  the  cases  mentioned  below. 
One  or  two  Leclanche  dry  cells  are  sufficient  for  working  them,  and 
these  cells  are  now  .so  convenient  and  reliable,  that,  according  to  their 
size,  they  will  last  one  or  two  years  without  requiring  attention.  Should 
the  coil  be  fed  from  a dynamo,  an  incandescent  lamp  would  be  required 
instead  of  a dry  cell,  and  a special  lamp  holder  as  well  {see  No.  950). 
The  lamps  are  breakable,  and  do  not  last  for  ever  ; they  are  therefore 
neither  cheaper  nor  more  reliable  than  dry  cells,  and  in  order  to  be  able 
to  use  the  apparatus  in  the  houses  of  patients,  it  would  be  necessary  that 
the  same  current,  and  the  same  wall  plugs,  etc.,  would  have  to  be  avail- 
able there,  and  this  cannot  always  be  had. 

For  these  reasons  we  consider  dry  cells  the  most  convenient  for 
portable  medical  coils,  intended  for  private  practice ; but  for  coils 
remaining  in  a consulting  room,  or  for  coils  to  be  used  in  hospitals,  it  is 
an  advantage  to  be  able  to  connect  them  with  a wall  plug  or  a lamp 
holder,  and  for  such  cases  the  various  coils  are  provided  with  an  incan- 
descent lamp,  or  the  series  lamp  holder  No.  950  may  be  u.sed. 

The  Alternating  Current  from  Dynamos  can  be  used  for  Faradisa- 
tion only  to  a very  limited  extent.  The  alternations  are  so  extremely 
rapid  (i2,ocxD  per  minute)  that  the  muscles  have  not  got  time  to  contract 
or  relapse  completely,  they  remain  in  a semi  contracted  state,  and  the 
effect  is  totally  different  from  that  produced  by  a medical  coil,  with  its 
comparatively  very  slow  vibrations.  But  in  cases  where  it  is  intended  to 
give  a few  shocks  only,  the  alternating  current  may  be  used,  if  either  a 
transformer  or  else  an  incandescent  lamp  and  a graphite  rheostat  is  put 
between  the  patient  and  the  main. 

Supg’ical  Lamps.-^The  connection  described  for  galvanisation  and 
electrolysis  is  also  useful  for  reducing  the  current  from  dynamos  for  the 
small  surgical  lamps,  which  require  between  4 and  12  volts,  only  the 
wire  used  for  the  rheostot  must  be  somewhat  thicker  than  that  ^sufficient 
for  the  volt  regulator,  in  order  to  stand,  without  getting  hot,  the  maximum 
current  (about  2 amperes)  which  these  little  lamps  require.  The 
resistance  of  the  rheostat,  however,  need  not  exceed  about  50  ohms.  The 
carbon  filament  of  the  resistance  lamp  connected  with  the  rheostat 
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should  not  be  thinner  than  the  carbon  filament  in  the  small  lamp  ; with 
lOO  volts  a 50-candle  lamp,  and  with  a 200-volt  supply  one  1 00-candle 
lamp,  or  better,  two  50-candle  lamps  connected  parallel  will  generally  be 
sufficient.  Rheostats  of  this  kind  can  be  used  equallj’’  well  on  continucius 
or  alternating  current  circuits. 

Apparatus  for  Cautery  and  for  working-  Spark  Coils  for  Roentg-en 
Rays  differ  very  much  from  tho.se  for  galvanisation  ; they  require  at  lea.st 
200  times  as  much  current.  Cauter}-  burners  require  from  7 to  15 
amperes  and  spark  coils  from  4 to  16  amperes,  whereas  for  galvanisation 
and  electrolysis  less  than  0-3  amperes  are  used  as  a maximum.  Wires 
suitable  for  the  rheostats  for  galvanisation  would  melt  immediately  if  a 
current  of  20  amperes  were  forced  through  them.  A current  of  20 
amperes  requires  either  carbon  rods  or  thick  wires — for  instance,  platinoid 
wires  of  not  less  than  one-eighth  of  an  inch  diameter.  Even  with  this 
diameter  they  will  keep  cool  only  if  air  has  got  free  access  to  them. 
According  to  Ohm’s  law,  5 ohms  suffice  to  reduce  the  current  to  20 
amperes  on  a icxD-volt  circuit,  but  with  such  a diameter  about  100  yard.s, 
or  12  lbs.,  of  platinoid  wire  are  necessary  to  obtain  a resistance  of  5 ohm.s, 
and  double  the  quantity  will  be  required  for  a 200-volt  supply. 

Whether  the  currents  are  produced  by  dynamos  or  by  batteries,  the 
apparatus  required  for  galvanisation  and  electrolysis  are  entirely  different 
from  those  required  for  cautery  or  spark  coils,  and  the  same  rheostat 
cannot  be  used  for  both  purposes. 

The  diagram  shows  that  the  principle  of  the  connection  is  exacth- 
the  same  as  that  described  on  page  46.  Parallel  with  the  resistance  wire 
a lamp  is  connected,  which  burns  as  long  as  the  .switch  is  closed.  It 
serves  only  as  a signal  light^Ho  remind  the  operator  that  a current  passes 
through  the  apparatu.s,  and  that  immediately  after  the  operation  the 
switch  should  be  opened  to  prevent  waste. 


For  these  apparatus  it  is  sufTicicnt  to  connect  C permanentl\-.  so 
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that  lO  to  12  volts  (or  any  other  desired  aoltage)  are  available  in  the 
shunt,  and  by  inserting  a small  adjustable  rheostat  the  current  in  the 
shunt’ can  be  controlled  gradually  and  conveniently.  In  order  to  obtain 
a-  sufficient  amount  of  current  in  C X B it  is  important  to  arrange  the 
resistances  so  that  that  in  B C is  higher  than  that  in  C X B.  X means 
here  the  cautery  burner,  or  the  primary  wire  of  a spark  coil. 

As  long  as  the  switch  is  closed,  a current  of  lOO  volt  and  20  amperes 
(2,000  watts)  passes  through  the  rheostat  and  has  to  be  paid  for,  and  only 
about  12  volts  and  i6  ampte  (192  watts),  that  is  only  one-tenth,  are 
utilized  in  the  shunt  circuit.  This  is  a considerable  waste,  but  a more 
economical  arrangement  has  not  yet  been  found  and  seems  to  us  impos- 
sible. If,  therefore,  the  apparatus  is  left  connected  with  the  main  for  one 
hour,  exactly  two  units  are  consumed  with  a 1 00- volt  supply,  and  twice 
as  much  with  a 200-volt  supply.*  The  price  of  the  unit  being  6d., 
the  cost  for  using  the  apparatus  for  one  hour  on  a lOO-volt  supply 
will  be  one  shilling.  This  compares  still  favourably  with  the  cost  of 
the  electricity  produced  by  batteries.  A bichromate  battery  requires 
about  two  .shillings’  worth  of  chemicals  to  keep  a cautery  burner  incan- 
descent for  one  hour,  not  to  reckon  the  cost  of  the  zinc  consumed,  and  as 
a rheostat  does  not  deteriorate,  and  requires  no  time  for  cleaning  and  re- 
charging, it  is  certainly  preferable,  notwithstanding  this  waste. 

All  the  cables  and  fuses  in  the  house  which  lead  to  such  a rheostat 
must  be  of  a diameter  which  allows  a current  of  20  amperes  to  pass 
without  heating  them. 

Motor  Transformers. — A more  economical  way  of  utilizing  a 
200- volt  current  for  cautery,  is  to  drive  a small  dynamo  by  means  of  an 
electric  motor  (they  can  both  be  united  in  one  machine),  to  obtain  in  this 
way  a current  of  lower  E.M.F.  and  a greater  number  of  amperes.  This 
is  achieved  in  the  following  way  : The  armature  of  the  dynamo  is  wound 
with  a long  fine  wire,  the  length  and  diameter  of  which  are  chosen 
according  to  the  E.M.F.  of  the  supply  and  the  number  of  watts  required 
for  the  cautery,  etc.  The  current  from  the  main  passes  through  this  fine 
wire  and  causes  the  armature  to  run  as  a motor.  A second,  shorter  and 
stouter  wire,  also  wound  round  the  armature,  rotates  consequently  in  the 
magnetic  field,  and  a current  is  induced  in  it,  which  can  be  taken  off  a 
separate  collector  connected  with  this  wire.  The  volts  and  amperes  of 
this  current  depend  on  the  length  and  thickness  of  the  wire,  and  on  the 
rapidity  of  the  revolutions.  A current  of  100  volts  and  2^  amperes  (250 
watts)  can  be  transformed  into  about  10  volts  and  14  amperes  (140 
watts).  Cautery  burners  or  spark  coils  may  be  connected  directly  with 
such  transformers,  and  accumulators  may  be  charged  from  them. 


* A current  of  1000  watts  (for  instance,  too  volts  and  to  amperes,  or  200  volts  and 
5 amperes)  running  for  one  hour  is  the  Board  of  Trade  unit,  for  which  the  Electric 
Light  companies  charge  at  present  between  3d.  and  yd. 
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These  motors  require,  ho\ve\  er,  some  attention.  They  have  to  be 
kept  oiled,  the  rapidity  of  the  revolutions  must  be  controlled  with  a. special 
rheostat,  and  the  biushes  and  collectors  j^et  used  up  in  cour.se  of  time 
The  original  outlay  for  these  transformers  is  about  twice  as  much  as  for 
the  rheostats,  and  for  the.se  reasons  we  consider  them  advisable  only, 
where  quantities  of  electricity  are  required  ; for  instance,  in  a 

hospital  w'ith  a 200-volt  supply,  and  several  departments  for  throat,  ear, 
etc.,  in  which  cautery  or  spark  coils  are  being  u.sed.  In  such  a case  it 
would  certainly  be  cheaper  to  get  accumulators  charged  for  the  various 
departments  by  one  of  these  transformers,  than  to  place  a rheostat  in 
each  .separate  department. 

hor  the  small  quantities  of  current  u.sed  in  private  practice,  even 
with  a busy  specialist,  it  seem.s,  however,  doubtful  w^hether  the  motor 
transformer  is  really  more  economical  in  the  long  run,  and  a rheostat  is 
certainly  more  convenient. 

It  would  also  be  possible  to  convert  the  continuous  current  by  means 
of  a motor  into  an  alternating  current,  and  u.se  a transformer  ; but  if  a 
motor  is  to  be  employed  at  all,  the  motor  tran.sformer  certainly  offers 
more  advantages. 

AccumulatOPS. — By  means  of  accumulators  the  continuous  current 
can  also  be  utilized  for  cautery  and  spark  coils.  As  to  the  charging, 
correct  connection  of  the  poles,  number  and  size  of  cells,  etc.,  we  refer 
to  pages  28  to  31. 

Incandescent  lamps  are  in.serted  as  a resistance  for  controlling  the 
charging  current.  If  these  lamps  serve  only  as  a resistance,  the  waste  of 
current  is  just  as  great  as  w’ith  the  above  de.scribed  rheostats.  If, 
however,  the  connections  are  made  so  that  the  resistance  lamp  illum- 
inates a hall,  bedroom,  etc.,  there  is  no  waste,  and,  moreover,  under  such 
conditions  the  accumulators  get  charged  regularly  every  day  for  some 
time.  This  is  the  only  means  to  keep  them  reliable  and  in  good 
condition  for  a long  time,  and  in  this  case  the  plates  need  only  be 
renewed  once  in  several  years.  It  is  not  necessary  to  u.se  extra  strong 
cables  or  fu.se.s,  for  the  smallest  size  wire  allow'ed  by  the  Fire  Insurance 
and  Electric  Light  companies  is  fit  to  carry  the  current  required  for 
charging.  No.  1675  in  the  catalogue  .show^s  switchboards  fitted  with  all 
acces.sories  for  charging  the  accumulators  and  for  conveniently  con- 
trolling the  di.scharging  current  for  cautery,  spark  coil.s,  etc. 

The  Alternating’  Current  is  suitable  and  very  convenient  for  cautery 
and  surgical  lamp.s.  An  showm  under  F'aradisation,  on  page  35>  ^ 
current  is  generated  by  induction  in  an  adjoining  conductor.  In  medical 
coils,  we  transform  a current  of  about  i’5  volts,  and  0'5  amperes  into  a 
current  of  20  to  200  volts  and  O'OI  amperes  or  lc.s.s,  and  in  the  .same  way 
a current  of  100  volts  and  say  2^  amperes  can  be  transformed  into  one  of 
alxjut  10  volts  and  20  amperes,  and  can  then  be  used  for  cautery  burners 
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and  surgical  lamps.  The  alternating  current  is  intermittent,  and  does 
not  require  an  interrupter  such  as  is  used  in  medical  coils.  The  apparatus 
is  therefore  very  simple,  as  it  consists  onl}"  of  an  iron  core,  a primary  and 
secondary  wire,  and  a rheostat  for  controlling  the  strength  of  current. 

Transformeps  fop  Cautepy  and  Sup- 
g’ical  Lamps. — The  sketch  shows  two  separate 
secondary  coils,  one  for  cautery  and  the  other 
for  surgical  lamps.  With  these  transformers 
the  primary  coil  consists  of  many  turns  of 
fine  wire  ; the  secondary,  however,  has  only 
a few  turns  of  thick  wire  ; the  diameter  of 
the  wire  and  the  number  of  turns  has  to  be 
chosen  in  proportion  to  the  number  of  volts 
and  amperes  which  we  wish  to  obtain  from 
the  terminals  of  the  .secondar}'.  As  long  as 
the  cautery  burner  is  not  used,  very  little 
current  passes  through  the  primarj'  in  con- 
sequence of  the  counter  E.M.F.  generated  b\' 
the  iron  core.  A signal  lamp,  as  described 
with  the  rheostats  on  page  50,  is  therefore  less  important  for  the  trans- 
formers. The  wires  leading  to  the  transformers  need  not  be  of  special 
size  ; No.  16,  the  smallest  wire  allowed  by  the  Fire  Insurance  Ofifice.s, 
is  quite  sufficient. 

There  are  two  ways  of  regulating  the  strength  of  current  in  the  cautery 
burners.  In  Woakes’  transformer  one  of  the  coils  is  made  movable,  as 
in  sledge  coils,  and  the  E.M.F.  in  the  secondary  can  be  varied  thereby 
Or  else  the  position  of  the  two  coils  is  fixed  pernamently,  and  the  current 
for  the  different  sizes  of  burners  and  lamps  is  regulated  by  means  of  a 
small  rheostat  inserted  in  the  secondary  circuit.  With  this  latter 
arrangement,  light  and  cautery  can  be  utilised  at  the  same  time. 

As  far  as  convenience,  reliability,  and  efficiency  are  concerned,  these 
transformers  cannot  be  surpassed,  and  as  the  current  passing  through  the 
cauter}"  burner  is  an  induced  current,  there  i.^  no  metallic  connection 
between  the  patient  and  the  mains  in  the  street. 

Sinusoidal  Cuppents. — The  alternating  current  can,  moreover,  be 


Fig.  25. 

used  for  a new  kind  of  treatment,  very  favourably  mentioned  in  these 
last  years  by  man}"  authorities.  The  current  obtained  from  an  alternating 
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current  dynamo  is  a sinusoidal  current,  and  differs  from  the  current 
obtained  from  a medical  coil  by  not  being  so  jerky  and  abrupt.  The 
two  diagrams  show  the  curves  of  the  current  from  an  alternating  current 
dynamo,  and  that  from  a medical  coil. 

The  sensation  produced  by  the.se  two  kinds  of  current  is  quite 
different  and  patients  can  stand  a good  deal  more  current  from  an 
alternating  current  dynamo  than  from  a medical  coil. 


The  most  efficient  and  convenient  way  of  controlling  the  lOO-volt 
sinusoidal  current  from  a dynamo  and  of  varying  its  E.M.F.,  is  by  using 
a volt  regulator  as  de.scribed  on  page  47. 

A continuous  current  from  a dynamo  or  a battery  can  be  converted 
into  a sinu.soidal  current  by  means  of  a small  dynamo.  From  the  second 
collector  with  which  the.se  machines  are  provided,  a sinusoidal  alternating 
current  is  obtained,  and  the  strength  of  it  can  be  most  conveniently 
regulated  by  means  of  a graphite  rheostat  or  volt  regulator. 

As  mentioned  before,  the  alternating  current  cannot  be  utili.sed  for 
galvanisation  and  electrolysis.  It  has  been  suggested  to  convert  it  for 
the.se  purpo.ses  into  a continuous  current,  by  coupling  an  alternating 
current  motor  with  a small  dynamo  which  yields  a continuous  current. 
This  has  been  done  with  success  for  some  technical  purposes,  where  large 
quantities  of  electricity  were  required  ; but  the  machine.s,  whether  big  or 
small,  require  attention  ; they  have  to  be  oiled,  the  speed  must  be 
regulated,  the  collectors  are  u.sed  up  in  course  of  time,  and  the 
intsallation  costs  about  four  times  as  much  as  a good  Leclanch^  batter}- 
yielding  the  same  number  of  volts,  etc.  The  currents  required  for 
galvani.sation  and  electrolysis  are  .so  small  that  a good  battery  requires 
re-charging  only  once  in  two  or  three  years,  and  therefore  a battery  is 
in  every  way  preferable  to  a motor  transformer  for  these  purposes. 

The  alternating  current  cannot  be  used  (or  charging  accumulators. 
If,  however,  in  a large  hospital  many  accumulators  have  to  be  cliarged, 
the  cou{jling  of  an  alternating  curreiit  motor  with  a continuous  current 
dynamo,  as  described  aljf)ve,  can  be  made  practical  and  efficient. 
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In  December,  1895,  the  scientific  world  was  startled  by  the  news 
of  a discovery  made  by  Professor  Roentgen,  of  Wuerzburg.  While 
experimenting  with  Crookes’  tubes  and  fluorescent  salts,  he  found  that 
rays  emanate  from  these  tubes,  which  though  invisible  to  the  eye  under 
usual  circumstances,  act  like  ordinary  light  on  photographic  plates,  and 
moreover,  that  these  rays  penetrate  substances  through  which  ordinary 
light  cannot  pass,  for  instance,  wood,  ebonite,  cardboard,  flesh,  etc.,  while 
other  substances,  like  bones,  several  kinds  of  glass,  etc.,  are  less  trans- 
parent to  the  effect  of  this  light,  and  the  heavy  metals^ — iron,  lead, 
platinum,  etc. — are  perfectly  opaque.  (The  transparency  seems  to  be  in 
direct  proportion  to  the  specific  gravity.) 

Seldom  before  has  an  invention  made  such  a stir.  A great  number 
of  scientific  men  all  over  the  civilized  world  began  to  experiment  with 
the  X-rays  (as  Professor  Roentgen  called  them),  and  it  was  soon  evident 
that  the  discovery  would  be  of  the  greatest  advantage  for  surgical 
diagnosis.  Malformations  and  diseases  of  the  bones,  foreign  bodies, 
fragments  of  bones,  etc.,  could  be  easily  detected  by  their  help  ; and  it 
can  be  ascertained  whether  broken  limbs  are  correctly  set.  The  move- 
ments of  the  heart,  the  position  of  the  liver,  larynx,  etc.,  can  be  seen 
clearly  on  the  fluorescent  screen,  calcification  of  the  arteries,  and  some 
kinds  of  stones,  etc.,  can  be  found.  The  rays  produce  also  some  physio- 
logical changes  in  the  hair,  nails,  and  skin,  and  they  may  have  some 
effect  on  microbes. 

The  apparatus  required  to  produce  X-rays,  and  to  make  them 
visible,  consist  of — 

(i,)  An  Electrical  Apparatus  producing  currents  of  very  high 

E.M.F.,  some  50,000  to  500,000  volts  are  required.  These  are  dis- 
charged into — 

(2,)  Crookes’  Tubes,  which  consist  of  glass  tubes  with  a highly 
exhausted  vacuum  wherein  two  electrodes  are  placed.  The  cathode, 
connected  with  the  negative  pole,  is  made  now  of  a concave  disc  of 
aluminium.  In  the  focus  of  this  disc,  at  an  angle  of  about  45  degrees,  is 
placed  a sheet  of  platinum,  as  anticathode"’’  to  intersect  the  cathode  rays. 
Frequently  this  anticathode  is  connected  with  the  positive  pole,  and 
serves  at  the  same  time  as  an  anode,  but  some  tubes  have  a separate 
anode.  When  the  electrical  apparatus  is  started,  the  gas  molecules  left 
in  the  tube  are  violently  repelled  from  the  cathode,  which,  by  striking  on 


The  first  hard  substance  on  which  the  cathode  rays  strike  is  called  anticathodc. 
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the  anticathode,  are  converted  into  X-rays  (rays  of  another  wave  length). 

In  order  to  make  them  visible  we  require — 

(3.)  Photographic  Plates,  or  certain  Salts,  which  give  a fluores- 
cent light  under  the  influence  of  the  X-rays.  If,  for  in.stance,  a hand  is 
placed  between  the  tube  and  a cardboard  screen  coated  with  such  a salt, 
the  flesh  seems  to  have  disappeared,  and  only  the  bones  appear  as  dark 
shadows.  In  order  to  show  the  picture,  photographic  plates  have  to  be 
e.xposed  to  the  rays  for  a short  time  and  developed  in  the  usual  way. 

Our  illustrations  show  a hand  and  chest  taken  in  this  way. 

There  are  different  wa)-s  of  producing  currents  of  a high  E.M.F. 

Spark  Coils  are  frequently  used  for  this  purpose,  as  they  are  most 
convenient  and  reliable.  In  principle  they  do  not  differ  from  the  medical 
coils  described  on  pages  35  to  40,  in  practice,  however,  there  are  some 
important  differences. 

The  secondary  wire  has  to  be  very  long.  To  obtain  sparks  10  ins.  long  a 
secondary  wire  about  10  miles  long  and  about  o'2  millimetre  (No.  36  B.W’.G.)  • 

thick  is  required.  Moreover,  an  exceedingly  careful  insulation  is  indispensable, 
as  these  sparks  easily  penetrate  cardboard,  wood,  &c.  More  especially  the  primary 
coil  has  to  be  separated  from  the  secondar)'  by  a stout  ebonite  tube,  to  prevent  the 
spark  discharging  through  the  wire  of  the  primary  coil  or  through  the  iron  core. 

On  account  of  the  high  E.M.F.  it  is  impossible  to  wind  the  secondary  wire 
along  the  primary  in  the  same  way  as  it  is  done  in  medical  coils.  The  silk 
covered  wire  is  first  of  all  drawn  through  melted  paraffin-wax,  and  thus  when 
wound  in  sections  on  a separate  machine  has  the  appearance  of  flat  discs.  In 
mounting  them  on  the  coil,  several  sheets  of  paper,  which  have  also  been  saturated 
in  paraffin,  are  placed  between  ever)'  two  discs  of  wire.  The  ends  of  the  discs 
are  joined  together,  and  an  ebonite  sheet  is  placed  between  groups  of  about  6 discs. 

A [o-in.  coil,  for  instance,  is  made  up  of  50  to  100  of  these  separate  sections. 

Condenser. — Spark  coils  must,  moreover,  be  fitted  with  a condenser,  which  con- 
sists of  many  sheets  of  tinfoil,  insulated  from  one  another  by  sheets  of  paraffined 
paper.  The  first,  third,  fifth,  &c.,  sheet  of  tinfoil  are  connected  together,  but  are 
insulated  from  the  second,  fourth  and  sixth  sheet  ; these  latter  are  also  connected. 

Each  end  of  the  condenser  is  connected  with  one  side  of  the  interrupter ; the 
moment  the  primaiy'  current  is  broken,  an  extra  current  flowing  in  the  same 
direction  as  the  primary'  current  is  generated,  and  discharges  into  the  condenser. 

The  condenser  gives  ofif  its  charge  partly  through  the  accumulator,  and  partly 
when  the  current  is  made  again  through  the  primary  coil.  If  there  were  no  con- 
denser, the  extra  current,  would  be  wasted  m an  enormous  spark  between  the 
contacts  of  the  interrupter.  This  spark  would  destroy  the  contacts  quickly,  and 
would,  moreover,  retard  the  suddenness  of  the  break.  As  the  E.M.h.  of  the 
induced  current  depends  amongst  other  things  on  the  suddenness  of  the  break, 
the  extra  current  would  materially  reduce  the  secondary  spark.  I he  import;mcc 
of  the  condenser  is  best  shown  by  the  fact  that  a coil  giving  lo-in  sparks  with  a 
condenser  of  suitable  size,  will  yield  only  a qj-in-  spark  with  the  same  battery 
without  a condenser. 

The  Interrupters  on  the  spark  coils  are  also  very  important  for  their  efficiency. 

The  length  of  the  spark  depends  partly  on  the  suddenness  of  the  break,  and 
partly  on  the  strength  of  the  primary  current,  both  of  which  arc  much  influenced 
by  the  construction  and  correct  adjustment  of  the  interrupter.  I he  iron  requires 
some  little  time  to  get  saturated  with  magnetism,  and  the  primary  current  requiics 
some  little  time  to  reach  its  maximum,  for,  as  explained  on  page  3b,  on  closing 
the  primary  current,  an  E.M.F.  opposed  to,  and  retarding  the  primary  current  is 
generated  by  self  induction  and  by  the  presence  of  the  iron  core.  In  consequence 
of  this,  no  spark  is  discharged  from  the  secondary  in  the  i)rimary  current. 

.Sparks  are  g^cnerated  in  breaA’ittff  the  primary,  and  therefore  they  take  the  sanm 
direction.  For  these  reasons  it  is  very  iiii|)ortant,  in  order  to  obtain  an  intense 
(list  harge,  that  the  contact  is  not  interfered  with  until  the  magnetism  and  the 
primary  current  have  had  time  to  reach  the  maximum  strength. 
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Fig.  27.  Fig-  28. 


This  can  be  obtained  with  Mercury  Interrupters  more  easily  than  with 
Platinum  Interrupters  (see  Figs.  27  and  28).  By  placing  the  ball  with  which  the 
mercury  interrupters  are  provided  higher  or  lower,  the  rapidity  of  the  stroke  of 
the  hammer  can  be  regulated  so  that  the  magnetism  of  the  iron  core  cannot 
interfere  too  quickly  with  the  hammer,  and  break  the  current.  The  niercury 
interrupter  has,  moreover,  this  advantage,  that  the  silver  pin  dips  deeply  into  the 
mercury,  and  by  proper  adjustment  will  leave  the  level  of  the  mercury  at  the 
moment  it  has  reached  its  greatest  velocity.  This  extinguishes  the  breaking  spark 
quickly,  and  the  oil  or  water  above  the  mercury  also  helps  in  this  respect.  The 
result  is,  that  coils  fitted  with  mercury  interrupters  give  more  intense  discharges 
than  coils  fitted  with  platinum  interrupters.  (The  sparks  are  about  15  per  cent, 
longer  than  they  would  be  if  a platinum  interrupter  were  used.)  For  coils  of  20-in. 
sparks  and  upwards,  platinum  interrupters  are  not  advisable,  on  account  of  the 
sparks  on  the  break. 

The  vessel  containing  the  mercury  can  be  raised  or  lowered,  and  it  can  easily 
be  removed  in  order  to  renew  the  oil  or  water,  which  has  to  be  done  after  an 
hour’s  use.  Apart  from  this,  there  is  no  wear  and  tear  with  these  interrupters. 

Rapidity  of  the  Interruptions-— In  order  to  obtain  the  most  intense  dis- 
charges of  a given  coil  and  battery,  the  interrupter  has  to  be  so  regulated  that 
not  more  than  about  10  sparks  per  second  are  obtained.  The  lower  the  ball  is 
placed,  the  more  frequent  are  the  discharges,  but  their  intensity  diminishes 
accordingly.  Experiments  show  that  intense  sparks  are  more  important  for 
obtaining  good  results  in  photography  than  shorter  though  more  frequent  sparks. 
For  this  reason,  many  authorities  prefer  now  the  mercury  break,  at  least  for 
taking  photographs.  For  the  fluorescent  screen,  however,  the  first  condition  is 
steadiness  of  the  light,  as  with  it,  even  if  it  is  only  of  moderate  intensity,  the  human 
eye  can  see  more  than  with  very  bright  but  intermittent  flashes.  In  using  the 
screen  the  interrupters  have  to  be  so  regulated  that  they  yield  about 
30  discharges  per  second.  The  mercury  interrupters  will  do  this,  but  some 
doctors  prefer  the  platinum  interrupter  for  screen  work.  The  Deprez  platinum 
interrupter  shown  above  gives  the  most  frequent  interruptions  and  a very 
steady  light,  but  its  intensity  is  inferior  to  that  obtained  by  the  use 
of  other  interrupters.  The  contacts  on  the  platinum  interrupters 

are  gradually  burned  up,  and  after  a few  hours  working  they  have  to  be  filed 
again,  and  from  time  to  time  an  electrician  has  to  replace  them  by  new  ones. 


58 


K.  sen  ALL, 


1 he  hammers  of  the  mercury  or  platinum  interrupters  have  to  be  started  with  the 
finger,  as  they  do  not  begin  to  vibrate  spontaneously. 

Motor  Interrupters  have  been  adopted  of  late,  as  they  possess  the  advantages 
of  both  the  mercury  and  platinum  interrupter,  and  allow  an  easy  control  of  the 
rate  of  interruptions.  The  current  is  broken  independently  of  the  magnetism  of 
the  iron  core,  by  the  revolutions  of  a motor.  The  speed  of  the  motor  can  be 
regulated  by  a rheostat,  so  th:it  anything,  say,  between  20  and  2,000  interruptions 
per  minute  may  be  obtained.  If  the  speed  is  raised  further,  the  length  of 
sparks  diminishes  rapidly.  'I'he  motor  is  driven  by  the  same  source  of 
electricity  which  works  the  coil;  a 12-yolt  battery  is  quite  sufficient.  These 
interrupters  make  no  noise,  cause  no  vibration,  and  they  can  be  fitted  with  a 
platinum  or  a mercury  contact.  Our  motor  interrupters  can  also  be  used  for 
surgical  operations  with  drills,  saws,  trephines,  massage,  etc. 


After  these  lines  had  been  written,  two  new  interrupters  have  been  invented, 
which  give  a much  higher  rate  of  interruptions. 

The  first  of  these,  the  Turbine  Interrupter  is  another  type  of  motor  interrupter. 
In  an  iron  vessel  an  axle  is  fitted,  which  can  be  set  in  rotation  by  an  electric 
motor.  The  upper  end  of  the  axle  is  provided  with  three  blades  (not  unlike  the 
screw  propeller  of  a steamer),  which  are  immersed  in  spirits  of  wine.  The  lower 
end  of  the  axle  is  fitted  with  an  Archimedean  screw  and  immersed  in  mercury. 
While  rotating,  this  screw  makes  some  of  the  mercury  rise  in  a tube,  discharging  it 
alternately  on  one  of  the  blades  or  into  the  empty  space  between  two  blades.  This 
causes  the  current  to  be  made  and  broken  3 times  for  every  revolution  of  the  axle. 

This  interrupter  can  be  connected  directly  to  a 100  volt  current  from  a dynamo 
and  it  wants  only  a small  rheostat  to  regulate  the  speed  of  the  motor.  In  con- 
sequence of  the  high  E.M.F.  used,  the  primary  current  in  the  spark  coil  reaches 
its  maximum  much  sooner  than  if  only  12  to  20  volts  are  employed,  and  the  break 
is  instantaneous.  The  result  is  that  1,500  to  7,000  sparks  of  full  length  can  be 
obtained  with  this  interrupter  per  minute,  and  the  light  of  the  tube  and 
on  the  fluorescent  screen  appears  as  steady  as  the  light  of  an  ordinary  in- 
candescent lamp.  The  vessel  with  mercury  has  to  be  cleaned  once  in  two 
or  three  months  only,  even  with  daily  use. 

This  interrupter  is  extremely  efficient  and  economical  for  those  doctors  who 
have  the  too  or  200  volt  continuous  current  for  lighting  purposes  laid  on  in  their 
houses,  but  it  will  not  work  with  less  than  65  volts,  and  can  therefore  not  be  used 
with  6 or  12  accumulator  cells. 


Electrolytical  Interrupter — Quite  recently  Dr.  Wehnelt,  of  Berlin,  has 
invented  another  interrupter  based  on  an  entirely  new  principle  A glass  vessel 
filled  with  diluted  sulphuric  acid  (about  20  degree  13eaume)  contains  two  electrodes 
of  very  different  size,  for  instance  a large  lead  electrode  and  a short  piece  of 
platinum  wire.  If  such  an  element  is  connected  with  an  electrical  supply,  the 
E.M.F.  of  which  is  considerably  higher  than  the  E.M.F.  of  the  cell  itself,  curious 
phenomena  of  light  appear  with  a humming  noise  on  the  platinum  electrode.  Dr. 
Wehnelt  found  that  this  is  due  to  the  current  being  made  and  broken  with 
extraordinary  rapidity,  and  when  connecting  a spark  coil  with  such  a cell  and  a 
100  volt  supply,  he  obtained  from  the  secondary  terminals  of  the  coil  sparks 
following  one  another  sO  rapidly,  that  they  appeared  to  the  eye  like  an  arc  of 
light.  With  this  arrangement  no  condenser  is  needed  for  the  spark  cod.  I b's 
apparatus  can  be  used  with  any  E.M.F.  alwve  24  volts.  The  rapidity  of  the 
interruptions  increases  with  the  E.M.h.  used,  and  amounts  to  ‘"'cr 
1,500  breaks  per  second  with  a 100  volt  supply.  1 he  strength  (if 
current  in  the  primary  circuit  is  in  proportion  to  the  surface  of  the  actne 
electnxle,  a current  of  o'4i  ampdres  is  obtained  for  every  square  millimetre 
surface.  For  controlling  the  discharge  it  is  therefore  necessary  to  make  the 
surface  of  the  platinum  electrode  variable  and  to  choose  a suitable  E.M.r. 

The  antikathodes  in  Crwikes’  tubes  become  very  hot.  In  sm.ill  tul^s  they 
actually  fuse  with  an  E.M.F.  of  100  volts  in  the  primary,  and  it  is  therefore 
necessary  with  an  interrupter  of  this  kind  to  use tubes  only  because  t ley 
are  better  capable  to  stand  such  a strain.  Moreover  the  L.M.h.  used  in  t ie 
primary  coil  has  to  be  adapted  to  the  tubes.  If  accumulators  are  employed,  this 


Taken  with  a 6-inch  spark  in  1896. 


A Normal  Hand,  38  years  old.  The  Negative  was  taken  by  us  in  June,  1896,  on  an  Edwards  Isochroinatic  Medium  Plate,  with  a 6-inch  spark 

from  a Rhumkorff  Coil.  Distance  of  tube  from  plate  8 inches. 
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can  easily  be  clone  by  varying  the  number  of  cells  in  the  circuit ; if  the  current 
from  a too  or  200-volt  continuous  current  dynamo  is  used,  the  E.M.F.  has  to  be 
reduced  by  means  of  a volt  selector  (see  price  list  No.  1525)  24,  3b,  48,  60,  etc. 

volts  or  any  other  desired  voltage,  and  the  rate  of  interruptions  can  thus  be  varied 
from  200  up  to  1,700  discharges  per  second. 

Interrupters  giving  such  a great  number  of  sparks  help  to  shorten  the  time  of 
e.xposure  still  further,  and  to  make  the  light  on  the  screen  absolutely  steady. 
There  is  no  doubt  that  both  these  inventions  will  greatly  aid  in  the  advancement 
of  the  X-ray  science. 

Size  of  the  Coils. — When  Professor  Roentgen  made  his  discover}^ 
it  was  generally  believed  that  the  minimum  spark  length  required  for 
producing  the  X-rays  would  be  10  ins.  By  means  of  improved  tubes, 
however,  very  good  photographs  of  hands,  arms,  legs,  etc.,  were  obtained 
soon  afterwards  with  4-in.  and  even  2-in.  sparks  ; 6-in.  sparks  gave  very 
good  pictures  of  che.st,  heart,  head,  etc.  For  this  reason,  6-in.  coils  were 
most  frequently  in  request  for  some  time.  Since  then  the  opinion  has 
again  decidedly  been  in  favour  of  larger  coils.  The  effect  of  the  rays 
can  of  course  be  accumulated  on  a photographic  plate,  and  by  longer 
exposure  a 6-in  spark  may  produce  results  similar  to  tho.se  obtained  by 
a 1 2-in.  spark  with  shorter  exposure ; but  it  is  obvious  that  with  all  living 
subjects  the  shorter  exposure  has  a decided  advantage.  It  is,  however, 
more  especially  the  brightness  of  the  fluorescent  light,  which  increases 
with  the  length  of  the  spark,  so  that  in  using  large  coifs,  a good  deal 
more  can  be  discerned  on  the  screen  than  if  a smaller  coil  were 
employed.  In  consequence  of  this,  lO-in.  spark  coils  are  at  present  those 
most  frequently  asked  for,  and  coils  with  15-in.,  20-in.,  and  even  longer 
sparks  are  often  employed. 

There  is  another  rea.son  in  favour  of  larger  coifs.  The  vacuum  in 
Crooke’s  tubes  becomes  gradually  higher  for  rea.sons  as  yet  unexplained, 
and  the  resistance  of  the  tubes  increases  thereby,  so  that  longer  sparks 
are  required  to  overcome  it.  If  a tube,  which  worked  well  first  with  a 
6-in.  spark  grows  higher,  the  owner  of  a 6-in.  coil  has  to  lay  it  aside  as 
u.seless,  wherea.s,  if  a lo-in.  spark  is  available  the  tube  can  be  used  for  a 
considerable  time  longer.  . 

The  length  of  sparks  of  large  coils  can  easily  be  reduced  by  a rheostat 
inserted  in  the  primary  circuit,  so  that  even  a tube  requiring  only  a 3-in. 
spark  can  be  worked  with  a 20-in.  coif  Coils  should  never  be  started 
without  a tube  or  a discharger  being  connected. 

Rheostats  and  Batteries  to  work  Spark  Coils.— According  to  the 
length  of  the  spark  the  coils  require  currents  of  8 to  20  volts  (8  to  10 
volts  for  6-in.  coils,  about  12  volts  for  lo-in.  coils,  and  16  to  20  volts  for 
20-in.  coils),  and  5 to  15  amperes.  Where  a continuous  current  from  a 
dynamo  can  be  obtained,  this  is  the  most  convenient  source  of  electricity. 
The  rheostats  for  cautery  described  on  page  50  give  the  required  number 
of  volts  and  amperes,  and  if  desired  they  can  be  so  far  altered  thatthenumber 
of  volts  is  variable  as  well  as  the  number  of  ampere.s.  If  the  continuous 
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current  is  not  laid  on,  but  facilities  exist  for  getting  accumulators  recharged, 
these  would  be  the  most  suitable  batteries  (see  pages  28-31  concerning 
accumulators^.  The  number  of  cells  required  depends  on  the  number  of 
volts  mentioned  above.  The  capacity  of  the  cells  should  not  be  le.ss  than 
about  30  ampere  hours  for  coils  of  6 ins.,  and  50  to  100  ampere  hours  for 
coils  of  10-in.  to  20-in.  spark.s.  A rheostat  is  neces.sary  for  regulating 
the  strength  of  current. 

The  alternating  current  from  dynamos  cannot  be  used  for  exciting 
spark  coils. 

Bunsen  or  Grove  cells  might  be  used,  but  they  are  very  inconvenient, 
as  they  have  to  be  charged,  emptied  and  cleaned  every  time.  Leclanche 
cells,  dry  or  liquid,  cannot  be  used  for  such  heavy  currents. 

W here  there  are  no  facilities  for  getting  accumulators  recharged, 
large  bichromate  cells  may  be  used.  The  cells  should  have  two  carbon 
plates  each,  of  at  least  6 ins.  by  9 ins.,  they  .should  hold  not  less  than 
2^  pints  of  acid,  and  the  distance  between  carbons  and  zincs  should  not 
be  too  small.  Under  such  conditions,  a perfectly  constant  current  of 
even  1 5 amperes  can  easily  be  kept  up  for  more  than  an  hour.  The 
larger  the  cells  the  more  constant  they  are  (.see  page  25  concerning 
bichromate  cells). 

hor  field  hospitaks,  the  mo.st  suitable  .sources  of  electricity  are 
small  dynamos,  with  fly  wheels.  Two  men  are  required  to  drive  them. 

There  are  other  apparatus  besides  spark  coils  by  which  currents  of 
high  E.M.F.  may  be  generated. 

Wimshurst  Machines  may  be  used,  and  have  been  highly  recom- 
mended by  .some  doctors.  As  far  as  the  light  on  the  fluore.scent  .screen 
is  concerned,  it  is  as  steady  as  that  of  an  electric  lamp.  The  intensity  of 
the  rays  depends  on  the  size  of  the  machines,  on  the  rapidity  of  the  revolu- 
tions, and  on  the  quality  of  the  tubes.  Machines  with  four  plates  of  30 
ins.  diameter  seem  to  be  about  the  smallest  size  u.seful  for  this  purpose, 
but  machines  with  twelve  plates  of  36  ins.  diameter  give  excellent  results. 
In  order  to  be  protected  from  dust,  damp,  etc.,  the.se  machines  .should  be 
kept  under  a glass  case.  They  have  to  be  driven  by  a motor,  and  the 
mo.st  convenient  is  an  electrical  motor,  which  may  be  worked  from  the 
main  or  from  accumulators,  or  small  gas  or  oil  engines  can  be  u.sed. 

It  need  hardly  be  mentioned,  that  machines  with  glass  plates  of  such 
a diameter,  revolving  at  a high  speed,  are  liable  to  break.  They  take 
up  much  room,  are  not  portable,  and  are  rather  e.xpensive.  They 
require  more  careful  attention  and  treatment  than  spark  coils,  and  in  hot 
weather  they  are  not  quite  as  reliable. 

The  steadiness  of  the  light  obtained  on  the  fluorescent  screen  is 
not  sufxjrior  to  that  produced  either  with  the  turbine  interrupter  or  with 
the  clectrolytical  interru{)tcr. 

Tesla  Transformers  gave  rise  to  great  expectations  some  time  ago. 
They  yiehl  an  extraorrlinary  supply  of  sparks,  of  any  desired  length,  and 
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moreover,  they  can  be  fed  conveniently  from  continuous  or  alternating 
current  supplies,  available  in  most  towns.  The  KX)  to  250  volt  currents 
are  first  raised  to  about  6,000  volts  by  means  of  an  ordinary  transformer, 
the  secondary  terminals  of  which  are  no  doubt  rather  dangeious  to  life. 
This  current  is  connected  with  a spark  gap,  a condenser,  and  the  primary 
of  the  Tesla  coil,  which  consists  of  a few  spirals  of  a stout  copper  wire. 
One  layer  of  many  turns  of  a fine  wire  forming  the  secondary  of  the 
Tesla,  is  wound  round  this  primary.  Transformer,  condenser,  and  Tesla 
coil  are  immersed  in  a tank  filled  with  oil.  The  discharges  of  the  Tesla 
are  not  dangerous.  Good  results  have  been  obtained,  but  few  tubes  will 
stand  this  enormous  strain  for  any  length  of  time,  and  the  deafening 
noise  they  make  is  not  pleasant.  On  account  of  these  difficulties  many 
of  the  owners  of  Tesla  transformers  have  returned  to  spark  coils. 

Crookes’  Tubes. — After  the  coil,  good  tubes  are  the  most  impor- 
tant item  of  the  Roentgen  apparatus.  Professor  Roentgen,  when  he 
made  his  discovery,  u.sed  a tube  in  which  the  electrical  discharge  took 
place  between  a flat  aluminium  cathode  and  an  electrode  placed  at  a 
right  angle  to  it,  and  out  of  the  way  of  the  cathode  rays,  so  that  they 
struck  on  the  glass  opposite  to  the  aluminium  electrode,  and  thereby  got 
converted  into  X-rays.  Soon  afterwards,  Mr.  Jack.son,  of  King’s  College, 
London,  found  out  that  more  intense  X-rays  can  be  obtained  if  the 
cathode  is  made  concave,  and  if  a platinum  sheet  is  placed  in  the  way  of 
the  cathode  rays  under  an  angle  of  45  degrees,  so  that  the  conversion 
takes  place  on  platinum  instead  of  on  glass.  Tubes  of  this  kind  had 
been  used  by  Sir  William  Crookes  to  show  the  generation  of  heat  by  the 
cathode  rays,  and  they  are  now  universally  in  use. 

A great  many  efforts  have  been  made  since  to  further  improve  the  tubes.  The 
correct  degree  of  exhaustion,  the  size  and  shape  of  the  glass  bulbs,  different  kinds 
of  glass,  the  shape,  number,  size  and  distance  of  the  electrodes  have  been  investi- 
gated, and  the  results  showed  that  the  best  pictures  are  obtained  if  the  anticathode 
is  ptacedin  the  exact  focus  of  the  cathode  rays*  ; that  the  cathode  and  anticathode 
must  be  well  polished,  and  the  latter  must  be  perfectly  plain.  Chemicals  have 
been  introduced  into  the  tubes  for  regulating  the  vacuum. 

No  great  improvement  has  been  made  since  then,  but  these  experiments  have 
helped  to  show  under  which  conditions  the  best  results  are  obtained,  and  certainly 
the  average  quality  of  the  tubes  is  now  infinitely  superior  to  those  of  1896  ; and 
at  the  same  time  first-class  tubes  are  much  cheaper.  Three  years  ago  fancy 


* In  the  earlier  tubes  the  temperature  of  the  platinum  rose  quickly  to  red  or  white 
heat,  and  it  happened  repeatedly  that  the  platinum  was  pierced  by  the  cathode  rays 
after  a short  time.  To  prevent  it,  the  anticathode  had  to  be  placed  a trifle  inside  or 
outside  the  focus  of  the  cathode  rays  ; in  this  way  the  shadows  produced  are  less  sharp, 
and  the  image  is  astigmatic.  Dr.  Mackenzie-Davidson  suggested  therefore  the  use  of 
osmium  for  the  anticathode,  instead  of  the  platinum,  because  osmium  can  withstand 
the  force  of  the  cathode  rays,  even  if  it  is  exactly  in  the  focus  of  the  concave  aluminium 
cathode.  But  the  great  difficulty  of  procuring  osmium  in  solid  form — quite  apart  from 
its  price — must  prevent  such  tubes  from  coming  into  general  use.  Moreover,  the 
platinum  reflector  in  most  tubds  is  supported  now  by  a stouter  disc  of  aluminium  to 
prevent  the  heating,  ^nd  thus  protected  it  can  be  placed  in  the  exact  focus  of  the 
cathode  rays  without  risk  of  speedy  destruction. 


62 


A'.  SCHAf.L 


prices  were  willingly  paid  for  a tube  showing  the  heart  and  ribs  on  the  fluorescent 
screen  with  <in  8-in.  spark,  whereas  now'  almost  ev'ery  tube  sold  g’ives  these  results 
and  the  time  of  exposure  is  now  less  than  one-half  of  what  it  used  to  be  at  the  end 
of  1896. 

0istsjiC6  of  Tube  front  Object  stid  Screen  or  Plsite* — Ihe  tubes  are  suspended 
in  a Stand,  and  connected  with  the  coil  by  means  of  spirals  of  thin  copper  wire 
covered  with  guttJi  percha  or  india-rubber.  When  the  electric  current  is  turned  on 
the  space  between  anode  and  cathode  has  the  appearance  of  being  filled  with 
bright  apple  green  light  (the  colour  of  the  light  depends  on  the  kind  of  glass 
used),  and  the  other  half  of  the  tube  remains  colourless.  In  this  case  the  direction 
of  the  current  is  correct  ; or  else  the  walls  of  the  tube  only  will  show  an  irregular 
patchy  fluorescence,  and  then  the  direction  of  the  current  is  wrong,  and  the  current 
reyerser  provided  on  every  spark  coil  has  to  be  turned  immediately. 

The  anticathode  should  be  placed  opposite  the  object  to  be  examined,  and  the 
distance  between  tube  and  object  depends  on  the  size  of  the  photographic  plate 
and  the  thickness  of  the  object.  With  small  objects  the  distance  need  not  exceed 
6 in.,  but  if  a chest  or  something  similar  is  to  be  photographed,  the  tube  should 
be  about  30  ins.  away,  to  obtain  an  even  illumination  of  all  parts  of  the  plate,  and 
to  avoid  distorted  shadows. 

Life  and  Treatment  of  the  Tubes. — In  some  tubes  an  absorption  of  the  few 
remnants  of  gas  left  in  them  takes  place.  The  resistance  they  offer  to  the  current 
is  increased  thereby,  and  longer  sparks  are  required  to  overcome  it,  the  tubes 
grow  higher  in  vacuum.  Some  tubes  change  only  very  slowly  and  can  be  used 
for  hundreds  of  exposures,  whereas  others  may  get  higher  after  a short  time,  and 
it  is  impossible  to  say  beforehand  how  long  a tube  will  last.  It  is  therefore 
advisable  for  an  owner  of  a coil  to  select  tubes  which  will  work  well  with  a coil 
smaller  than  his  own,  in  order  to  have  a margin  left  if  the  tubes  become  higher. 
It  is  our  conviction  that  these  changes  are  slower  in  tubes  containing  two  anodes, 
than  in  tubes  which  have  only  one  anode,  but  it  is  almost  impossible  to  prove 
this  except  by  experience.  High  tubes  can  be  kept  in  use  for  some  time  if  they 
are  warmed  with  a spirit  or  Bunsen  flame  before  starting  the  apparatus.  The 
flame  should  be  moved  to  and  fro,  because  the  thin  glass  is  apt  to  get  soft  quickly, 
and  then  the  enormous  pressure  of  the  atmosphere  would  destroy  the  tube  at 
once.  If  the  tube  is  too  high  for  the  available  sparks  they  will  discharge  outside 
the  glass  walls,  and  the  consequence  is  the  speedy  destruction  of  the  tube,  because 
a spark  will  pierce  the  glass.  The  holes  thus  made  are  too  small  to  be  seen,  but 
large  enough  to  admit  some  air  into  the  tube. 

Penetrating  Power  of  the  Tubes- — On  the  fluorescent  screen  different  tubes 
produce  very  different  results.  Some  cause  the  bones  to  appear  grey,  and  slightly 
less  transparent  than  the  flesh.  With  others,  the  contrasts  are  more  marked, 
the  bones  remain  black,  and  only  the  flesh  is  transparent.  The  latter  are  more 
suitable  for  taking  photographs,  but  the  first  mentioned  have  a higher  penetrating 
power,  and  are  more  useful  for  the  screen,  for  making  the  heart,  &c.,  visible. 
Negatives  made  with  them  have  a foggy  appearance,  without  contrasts.  Shorter 
exposure  will  not  alter  this,  as  it  is  caused  through  the  fact  above  mentioned,  that 
the  rays  generated  in  such  tubes  make  the  bones  also  transparent,  and  because 
in  this  kind  of  tubes  X rays  do  not  emanate  from  the  platinum  reflector  only,  but 
also  from  the  glass  walls  of  the  tube.  They  tend  to  make  the  outlines  less 
distinct,  and  reduce  the  contrasts  still  further. 

.•\s  the  tubes  grow  higher,  the  penetrating  power  of  the  X-rays  increases,  but 
tubes  of  high  penetrating  power  can  be  so  much  reduced  by  heating  them  in 
the  above  described  way,  that  the  shadows  of  the  bones  appear  black  again. 
In  selecting  tubes,  it  ought  therefore  to  be  considered,  whether  they  are  intended 
for  screen  work  or  for  taking  photographs,  and  whether  they  are  to  be  eniployed 
for  thin  objects,  like  hands,  arms,  etc.,  or  for  the  thicker  parts  of  the  body,  such 
as  the  chest,  etc. 

ActinometBr. — I'hc  penetrative  power  of  the  tubes  can  be  accuratch 
measured  and  compared  by  means  of  a simple  instrument.  IweKc 
squares  of  tinfoil  of  various  thicknes.ses  arc  placed  on  a thin  board.  I he 
first  square  consists  of  (jne  sheet  of  tinfoil  onl)',  in  the  sccontl  squ.tre  two 
sheets  arc  put  one  on  the  top  of  the  other,  and  so  on,  and  in  the  twelfth 
.square  there  are  twelve  sheets  of  tinfoil.  h>ach  s(|uarc  is  fitted  with.i 
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'figure  cut  out  of  sheet  lead.  If  this  board  is  placed  between  the  tube 
and  fluorescent  screen,  or  photographic  plate,  the  higher  the  value  of  the 
figure  visible  the  better  is  the  penetrating  power  of  the  tube,  and  vice 
versa.  The  quality  of  different  screens  can  also  be  compared  if  various 
screens  are  placed  in  front  of  the  actinometer,  the  one  which  makes  the 
highest  figure  discernible  with  a given  tube  and  spark  is  the  most 
sensitive,  and  vice  versa.  (See  Fig.  1536)  page  129). 

Fluorescent  Screens. — The  property  of  the  X-rays  to  render  certain 
substances  fluorescent  enables  the  eye  to  see  not  only  the  shadows  of  the 
bones,  but  to  watch  even  the  movements  of  the  heart.  Barium  platinum 
cyanide  has  proved  to  be  the  most  sensitive  material,  as  it  gives  the 
brightest  light  under  the  influence  of  the  X rays.  It  is  therefore 
exclusively  used  now  for  fluorescent  screens  intended  for  direct  observa- 
tion. It  gives  a greenish  yellow  light.  Paper  or  parchment  is  stretched 
on  a frame,  is  coated  with  glue,  and  covered  with  the  Barium  platinum 
cyanide  salt.  To  obtain  an  even  light,  free  from  bright  and  dark  clouds, 
the  salt  must  be  laid  with  even  thickness  throughout,  and  this  can  only 
be  accomplished  by  machines.  In  using  the  fluorescent  screen,  it  is 
important  that  the  interrupters  should  vibrate  rapidly  and  make  contact 
regularly.  Clean  mercury  or  platinum  contacts  are  therefore  important 
to  avoid  flickering. 

Fluorescent  screens  can  only  be  used  in  dark  rooms.  In  some 
cases  it  is  even  necessary  to  cover  the  tube  itself  with  a cloth,  or  to  place 
a large  black  screen  between  tube  and  operator,  and  also  to  put  a card- 
board box  over  the  platinum  interrupter,  in  order  to  hide  the  light  of 
the  tube  as  well  as  the  sparks  of  the  interrupter.  There  are  appliances 
(see  illustration  No.  1556  in  price  list)  which  makes  it  po.ssible  to  use 
the  screen  in  daylight ; they  are  convenient  in  many  cases,  but  the 
results  can  never  be  compared  to  those  obtained  in  a dark  room. 

Fluorescent  screens  may  be  used,  not  only  for  direct  observation,  but 
also  for  reducing  the  time  of  e.xposure  of  photographic  plates. 

Accelerating’  Screens. — In  order  to  reduce  the  exposure,  a fluores- 
cent screen  is  laid  closely  on  the  coated  side  of  a photographic  plate. 
If  a space  were  left  between,  the  picture  would  become  hazy.  The  X- 
ra)'s  have  thus  to  penetrate  the  object  first,  the  fluorescent  screen  after- 
wards, and  the  sensitive  film  of  the  plate  last.  In  this  manner  the  X- 
ra\’5,  which  do  not  get  perceptibly  weakened  by  penetrating  the  screen, 
as  well  as  the  light  emitted  by  the  fluorescent  screen,  act  simultaneously, 
on  the  plate.  The  illustration  shows  their  importance  and  efficiency. 
One  half  of  a photographic  plate  was  covered  with  a screen ; the 
uncovered  half  is  not  fully  exposed,  whereas  that  half  covered  by  the 
screen  shows  more  detail.  Accelerating  screens  are  not  wanted  for  thin 
objects,  as  in  such  cases  the  exposure  required  need  never  be  long,  but 
if  a chest  or  hip  has  to  be  photographed,  they  are  of  advantage.  The 
e.xposure  is  reduced  most  (about  to  one-fourth)  by  using  the  same 


64 


A'.  SC!  I ALL, 

screens  which  are  employed  for  direct  observation.  J^'ormerly  these 
platinum  screens  produced  an  objectionable  coarse  grain  on  the  nega- 
tives, due  to  the  comparatively  large  crystals  of  the  platinum  salt.  With 
the  newer  screens  this  grain  is  now  .scarcely  visible. 

Tung*sta,te  of  Calcium  Screens  may  be  used  als(^  for  slKjrtening  the 
time  of  exposure.  They  give  no  appearance  of  grain,  and  are  much 
cheaper  than  the  platinum  .screen.s,  but  the  light  emitted  from  them  is 
considerably  weaker,  and  this  makes  them  practically  useless  for  direct 
ob.servation  and  le.ss  effective  for  accelerating  e.xposure. 

In  using  platinum  screens  for  reducing  exijosure,  isochromafic  plates, 
should  be  u.sed,  but  in  using  tungstate  screen.s,  ordinary  plates  .should 
be  used. 

Photographs. — Compared  with  the  e.xamination  by  a fluorescent 
screen  the  photographic  proce.s.s  has  the  disadvantage,  that  the  results 
are  visible  only  after  the  plates  have  been  developed  and  fi.xed  ; this 
makes  it  a little  more  complicated.  On  the  other  hand  it  has  the  great 
advantage  of  showing  more  detail  and  furni.shing  a permanent  record. 

Photographic  plates,  films,  or  papers  are  wrapped  in  black  paper  in 
the  dark  room,  or,  more  conveniently,  they  are  put  into  a light  tight 
envelope  of  black  or  red  paper,  or  silk.  • Thus  protected  the  plates  may 
be  e.xpo.sed  to  the  X-rays  in  a room  illuminated  by  daylight.  The 
object  to  be  photographed  should  be  as  dose  as  possible  to  the  plate  and 
should  keep  as  quiet  as  po.ssible  during  the  e.xposure.  In  using  gla.ss 
plates  it  is  important  that  the  coated  side  should  face  the  tube,  partly 
to  obtain  .sharp  outlines  and  partly  becau.se  some  kinds  of  gla.ss  are  rather 
opaque  to  the  X-rays.  The  store  of  unexposed  or  undeveloped  plates 
must  not  be  near  the  tube,  otherwise  the  rays  would  act  on  these  as  well. 

Duration  of  Exposure. — General  rules  cannot  be  given  as  to  the 
correct  time  of  e.xposure.  It  depends  firstly  on  the  quality  of  the  tubes 
and  the  spark  length,  .secondly  on  the  thickness  of  the  object  and  the 
distance  between  tube  and  plate,  thirdly  on  the  plates  and  the  way  of 
developing  them.  According  to  the.se  conditions  the  time  of  e.xposure 
will  vary  from  a few  seconds  for  hands,  arms,  and  legs,  up  to  ten  or 
fifteen  minutes  for  abdomen,  etc.  How  the  e.xposure  can  be  shortened 
by  means  of  a fluore.scent  .screen  has  been  described  on  page  63  under 
accelerating  screen.s. 

There  are  different  opinions  as  to  the  most  suitable  kind  of  plates, 
whether  medium  or  rapid  speed,  whether  ordinary  or  i.sochromatic  plates 
are  more  suitable,  but  there  is  no  doubt  that  a thick  layer  of  an  emulsion 
rich  in  silver  is  mfjre  important  than  mere  rapidit}'  of  the  emulsion. 
The  most  sensitive  plates  are,  as  a rule,  thinly  coated  and  contain  less 
silver  than  plates  of  medium  speed,  and  the  latter  arc  also  capable  of 
giving  greater  density  and  contrasts.  Isochromatic  plates  give,  with 
three  to  four  .seconds  exposure,  the  same  results  as  ordinar)-  plates  with 
about  five  seconds  exi>osure. 
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Development. — We  do  not  intend  to  give  general  instructions  for 
developing;  we  must  refer  the  reader  to  the  numerous  works  about 
photography,  but  a few  hints  may  be  welcome  to  the  one  or  other. 

The  formulas  for  development  contained  in  the  directions  for  use  given 
in  photographic  books,  and  those  supplied  with  the  plates  by  the  makers, 
are  all  intended  for  portraits  or  landscapes,  where  the  contrasts  between 
light  and  shadow  are  much  stronger,  where  a “ soft  ” picture  is  aimed  at, 
and  for  which  “half-tones”  are  indispensable.  In  Roentgen  photo- 
graphs there  is  less  contrast,  and  in  the  majority  of  cases,  for  instance, 
in  hunting  for  a foreign  body,  a fracture,  or  a dislocation,  etc.,  a hard 
negative,  that  is,  a negative  with  great  contrasts  between  flesh  and 
bones,  is  desirable,  and  the  half-tones  are  not  wanted.  Consequently, 
the  developers  which  are  apt  to  give  clear  shadows  and  black  high 
lights  are  well  suited  for  our  purpose.  Of  the  older  developers  hydro- 
quinone  has  got  the  greatest  tendency  to  produce  hard  negatives,  and  is 
for  this  reason  avoided  by  professional  portrait  photographers.  For 
Roentgen  photography  it  is  most  suitable  for  this  very  reason.  The 
only  disadvantage  of  it  is  the  great  .sensitiveness  towards  changes  in 
temperature.  Metol  is  very  good  too.  Moreover,  the  quantity  of 
alkali  should  be  reduced,  and  the  quantity  of  bromide  of  potassium 
slightly  increased  ; the  development  is  retarded  thereby,  but  better 
negatives  compensate  for  the  loss  of  time. 

If  it  is  not  important  to  obtain  the  result  at  once,  the  following  method 
of  development  is  to  be  recommended  : Place  the  plate  in  a clean  dish, 
preferably  in  an  upright  position  (there  are  porcelain  troughs  with 
grooves  made  specially  for  the  purpose),  cover  it  with  a veiy  diluted 
developer  (about  twenty  to  thirt}'  times  as  much  water  as  usual  ; boiled 
water  has  to  be  used  to  avoid  air  bubbles),  cover  the  porcelain  dish  with 
some  lid  to  exclude  light,  and  leave  the  plate  in  this  weak  developer  for 
a few  hours.  All  detail  which  can  possibly  be  brought  out  will  be  visible 
then,  and  should  the  negative  be  still  thin,  a developer  of  normal  strength 
will  produce  the  desired  density  in  a few  minutes.  In  this  way  more 
details  can  be  obtained  than  with  the  usual  wa}’  of  development  ; the 
negatives  will  be  free  from  fogs  or  veils,  and  it  is  the  only  method  of 
obtaining  satisfactory  negatives  ftom  father  under-exposed  plates. 

Medical  men  who  have  not  the  time  to  develop  their  own  negatives 
will  easily  find  a professional  or  amateur  photographer  ready  to  help 
or  to  do  this  interesting  work  for  them. 

Before  concluding,  we  have  yet  to  refer  the  reader  to  a few  of  the 
many  books  in  which  he  can  study  electricit}^  thoroughly,  and  find  good 
directions  about  the  ways  and  means  of  applying  it  for  various  diseases. 
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BOOKS  ON  ELECTRICITY. 

Ayrton,  \V.  E.,  F.R.S.  Practical  Electricity.  1887. 
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BOOKS  ON  ELECTRO-THERAPEUTICS. 
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♦Beard  and  Rockwell.  A Practical  Treatise  on  the  Medical  and 
Surgical  Uses  of  Electricity.  1891. 

*Dowse,  T.  S.,  M.D.  Massage  and  Electricity  in  the  Treatment  of 
Disea.se.  2nd  edition.  1899.  Price  7/6.  v 

*Erb,  W.,  M.D.  Handbook  of  Electro-Therapeutics,  translated  by  A. 
de  Watteville,  M.D.  Price  18/-. 

♦Fenwick,  P2.  H.,  F.R.C.S.  The  Electric  Illumination  of  the  Bladder 
and  Urethra.  2nd  edition.  1889.  Price  6/6. 

f 

♦Hedley,  \V.  S.,  M.D.  The  Hydro-Electric  Methods  in  Medicine. 
2nd  edition.  1896.- 

Keith,  Th.,  M.D.  On  the  Treatment  of  Uterine  Tumours  by  Electri- 
city. Brit.  Med.  Jour.,  June  8th,  1889. 

♦Jonp:s,  Lewis,  M.D.  Medical  PHectricity.  A Practical  Handbook 
for  Students  and  Practitioners.  3rd  edition.  1899.  Price  9/-. 

♦Turner,  D.,  M.D.  A Manual  of  Practical  Medical  Electricity.  2nd 
edition.  1898.  Price  7/6. 

De  Watteville,  A.,  M.D.  A Practical  Introduction  to  Medical 
Electricity.  2nd  edition.  1884.  (Out  of  Print.) 

♦Remak,  PL  Pdektrotherapie.  1886. 

♦Von  Zie.M.SSEN.  Die  IClektrizitiit  in  der  Medizin.  1887. 
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FARADISATION. 


ABOUT  INDUCTION  COILS. 

Ste  also  pages  35 — 42. 

No.  I.  Single  Coil,  with  cords 
and  two  electrodes,  in 
cardboard  box  . . . £0  7 

No.  i.\.  Similar  Coil,  but  with 
a switch  for  turning  the 
current  on  and  off  0 9 


jSo.  I. 


6 

0 


IS'o.  2. 

Similar  Coil,  but  larger  size,  and  better  finish,'  with 

crank  to  switch  the  current  on  and  off  ...  ...  £0  12  6 

Separate  dry  cell  2^  x 2i  x 6 inches,  for  working  coils 

No.  I and  No.  2 ...  ...  ...  ...  026 


No. 


2 


No.  5 


6g 


55,  Wt^more  Street,  London,  If  . 

No.  5.  Dr.  Spamer’s  Coil,  in  polished  mahogany  case,  cheap 
form  for  patients,  with  bichromate  cell  in  strong 
glass  vessel,  cords,  handles,  and  five  electrodes 

No.  6.  Dr.  Spamer’s  Coil,  in  polished  Mahogany  or  Walnut  case, 
with  bichromate  cell,  commutator  for  primary  and 
secondary  current,  cords,  handles  a^id  six  electrodes  118  0 

No.  7.  The  same  apparatus  with  two  cells  instead  of  one  ...  2 4 6 


No.  5A. 


No.  6a. 


Coils  with  Dry  Cells. — These  coils  have  the  great  advantage  that 
there  is  no  acid  required  to  work  them.  As  it  is  only  the  spilling  of 
acid  which  makes  a coil  go  out  of  order,  these  coils  require  practically  no 
repairs  and  less  attention,  they  are  clean,  reliable,  and  convenient.  The)' 
have  been  tried  now  some  six  )’ears,  and  ha\'e  superseded  most  acid  coils 
(see  also  page  41).  The  size  and  qualit)'  of  the  cells  chosen  is  such,  that 
one  cell  will  work  a coil  for  forty  to  sixty  hours  before  it  gets  exhausted. 
With  an  a\'erage  use  of  ten  minutes  a day,  the  cell  has  to  be  renewed 
once  in  a )-ear.  Price  of  new  Cells,  including  postage,  2/6. 

No.  5.A.  Same  Coil  as  No.  5,  but  with  dry  cell  instead  of  the 

acid  cell,  size  5x5x5^  inches,  weight  2f  lbs.  ...  £1  2 6 

No.  6a.  Same  Coil  as  No.  6,  but  with  drv  cell  instead  of  the 

acid  cell,  size  5x5x5^  inches,  weight  3 lbs.  ...  2 0 0 

This  coil  is  bought  more  frequently  than  any  other  type.  It  is 
compact,  powerful,  and  allows  a very  gradual  regulation  of 
the  currents  strength.  It  is  provided  with  a good  interrupter 
and  a set  of  si.\  electrodes. 


’y-'-iHi 
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No.  Dr.  Spamer’.s  Coil,  with  two  dr\'  cells...  ...  ...  £2  7 6 


No.  8.  Coil,  with  two  large  dry 
cells,  working  the  coil 
for  over  lOO  hours,  size 
6x6x7^  inches,  weight 
5 lb.s.  .” £2  2 0 


No.  9.  Gaiffe’s  Coil,  with  two  bisulphate  of  mercur>’  cell.s, 

cords,  handles,  and  two  electrodes  ...  ...  ...£1  1 0 


No.  14.  Coil,  with 
large  bichromate 
cell,  in  polished 
mahogany  else, 
commutator  for 
primary  and  .secon- 
dary current,  and 
crank  for  regu- 
lating the  strength 
(jf  current ; cords, 
handles,  and  six 
electrodes  ...  2 5 0 

Ready-made  acid,  in 
bottles  with  gla.ss 
stoppers,  contain- 
ing acid  for  about 
nine  charges,  per 
bottle  0 16 


Kik-  14' 


55-  ^'Vigmore  Street,  London,  W. 
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SLEDGE  COILS. 

If  not  otherwise  ordered, 
the  diameter  of  the  copper 
wires  used  in  the  apparatus 
Nos.  16 — 32,  is  0'8  milli- 
metre (No.  21  B.W.G.)  for 
the  primary  coils,  and  0‘2 
millimetre  (No.  36  B.W.G.) 
for  the  secondary  coils,  but, 
if  desired,  any  other  size 
may  be  used. 

No.  16.  Dr.  Taube’s  Sledge 
Coil, with  two  bichromate 
cells,  5x7x51  inches, 
weight  4 Ib.s.  £3  7 0 


No.  16. 


No.  17.  Dr.  Taube’s  Sledge  Coll,  with  two  dry  cells  ...  ...  £3  10  0 


No.  19. 


No.  19.  Dr.  Lewis  Jone.s’ 
Sledge  Coil,  with  one  large 
dry  cell,  working  the  coil 
for  about  80  hours 
altogether  ...  £1  17  0 


No.  21.  Dubois-Reymond’s  Coil,  with  two  dry  cells,  in  polished 
mahogany  case, commutator  for  primary  and  second- 
ary current,  cords,  handles,  and  six  electrodes,  size 
5 X 1 1 X 7 inches,  weight  6 lbs..  Fig.  21  ...  ...£4  10  0 

This  is  is  the  most  coriiplete  and  convenient  of  all  the  portable 
coils  for  diagnosis  as  well  as  for  treatment.  The  rapidity 
of  the  interruptions  may  be  regulated  by  means  of  a weight, 
which  can  be  fixed  higher  or  lower.  The  cells  will  work  the 
coil  for  more  than  80  hours  altogether. 
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No.  27. 

Xo.  27.  Duboi.s-Reymond’s  Coil,  with  metal  .scale  and  adjust- 
able interrupter  (for  slow  or  quick  vibrations) ; 
primary  coil  700  turns,  secondary  coil,  5,CXX)  turns  £2  10  Q 
Xf).  28.  The  same  apparatus,  with  10,000  turns  on  the 

secondary  coil  ...  ...  ...  ...  4 0 0 

W'e  have  supplied  coils  Xo.  2t,  amongst  others,  to: — 

I)rs.  J.  Althaus,  ()ueen  Anne  Street:  Keightley,  Queen  Anne  Street;^  -Sharkey, 

22,  llaricy  Street  ; Head,  6r,  Winipole  Street : A.  Aiuierson,  37,  Winipolc  Street  : .Schor.'iein, 
I’oriland  Place:  .‘'mith,  Nottingham  Place;  M.  Tucker,  Harley  .Street;  Knight,  .Streaiham 
Hill;  Kouth,  Manchester  .Square  ; Dickinson,  Haling. 

Drs.  Winder,  HHckpool  ; Perry.  Pournemouih  ; Scott,  \\  rotham  ; Colquhoun,  .Sand- 
hurst; Warburton,  Treherlrcrt:  Napier,  Glasgow;  Major,  Prailford  ; Grant  N Durant. 
Market  HarlKjrough  ; Hall,  Leeds:  Hamilton,  Glasgow:  Harlow,  (ilasgow  ; Ilughes, 

P.righton  ; Pcndlebury,  Ormskirk  ; Aiken,  Henton  : Evans,  Cardiff;  Peacock,  Nuneaton: 
Playfair,  Hromicy ; Ilark,  Liverpool:  Hcnthall,  Derby.  _ , , 

King’s  College  Hospital,  W estminster  Hosf)ilal,  R.tyal  Hospital  for  \V omen  and  Children. 
Waterloo  Hrirlge  Koad  ; \ ictoria  I [ospital,  Chelsea  : \\  esttninstcr  ^Ie<lical  Sclnxl,  .^camen  s 
I lospiial,  < f reenwich  : Lf>ndon  County  Asylum,  Claybury  ; Metrojxilitan  Hospital,  Kingslam 
Koad,  I-ondon.  Royal  Infirmary,  Halifax  & Derby  ; Cottage  Hospital.  Abcrdarc  ; ( .rimsby 
District  Hospital;  Isye  Infirmary,  Newcastle:  Royal  Hetkshire  Hospital,  Reading  ; C In  ciren  s 
Hospital,  Gloucester;  Dispensary,  Nottingham;  South  Charitable  Infirmary,  Cork  ; t.eneral 
Infirmary,  Hertford,  etc.,  etc. 


No.  21  (see  footnote). 

Spare  Cell.s  for  the  coils  Xo.  19  and  Xo.  21,  2/6  each. 


55.  ^Vig^nore  Street,  London,  //'. 

INDUCTION  COILS  FOR  SPECIAL  PURPOSES. 
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No.  30. 


X(  . 30.  Dubois-Reymond’s  Coil,  4 feet  long,  with  scale  and 
Helmholtz’s  modification  for  physiological  experi- 
ments... ...  ...  ...  ...  ...  ...  £4  10  0 

(.A.S  supplied  to  University  College,  King’s  College,  (]uy’s. 

Charing  Cross,  Westminster,  and  other  Hospitals.) 

No.  35.  Dr.  de  VVatteville’s  Coil,  for  primar}- current  onl)'  ...  3 5 0 


>■’0.  35- 

This  coil  is  especially  suitable  for  the  electric  bath,  and  for  treatment  of 
the  abdomen  with  faradisation.  'I'he  strength  of  current  is  regulated  partly  by 
drawing  out  an  iron  core,  and  partly  through  a crank,  by  means  of  which  2,  4,  6,  8 or 
10  layers  of  the  copper  wire  may  be  thrown  in  or  out  of  circuit.  The  number  and 
rapidity  of  interruptions  may  be  regulated  by  altering  the  position  of  the  ball. 


Operating  Theatres, 

£4  4 0 


No.  40.  Schall’s  Emergency  Coil  for 
Casualt\-  Wards,  etc. 


This  apparatus  (Fig.  40)  has  been 
specially  constructed  for  casualty  rooms 
and  operating  theatres  in  hospitals,  for 
police  stations,  life-saving  stations,  etc.,  and 
is  so  constructed  that  it  requires  as  little 
time  as  possible  to  set  it  in  action  in  urgent 
cases ; that  persons  not  accustomed  to 
electric  apparatus  can  work  it,  and,  more- 
over, it  will  not  easily  get  out  of  order  nor 
require  repair.  It  contains  either  an  in- 
candescent lamp — if  the  electric  light  is 
available  in  the  hospital,  or  else  two  large 
dry  cells,  which,  even  after  standing  for 
years  without  being  used,  supply  a current 
stroiig  enough  to  work  the  powerful  in- 
duction apparatus.  Two  electrodes  are 
permanently  connected  with  the  apparatus 
by  means  of  long  and  strong  cords,  so 
that  they  have  not  to  be  screwed  on  at  the 
moment  of  need.  The  strength  of  the 
current  can  be  regulated  up  to  a certain 
point  only  by  means  of  a crank,  and  can 
be  given  in  seven  degrees,  the  weakest  of 
which  even  causes  pretty  strong  muscular 
contractions. 
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ELEMENTS  FOR  WORKING  COILS. 

(See  also  pajjes  40  and  41.) 


No.  55- 
Xo.  57. 
Xo.  60. 

Xo.  61. 
Xo.  70. 
Xo.  71. 
Xo.  72. 
Xo.  73. 
No.  75. 


Nos.  50—53. 

Dry  Leclanche’s  cell  for  coil.s,  5a.  6a.  7a  and  17,  each 
” n „ „ 8,  19, 21, 27,30  & 35  „ 

I wo  large  Leclanche’.s  cells  (dry  or  liquid)  in 
oak  case  with  terminals, 

^our  „ „ „ ,,  each 

Bottle  bichromate  cell,  |-pint 


„ „ „ 4 „ (3  carbonsand  2 zinc.s) 

Thermo  pile,  with  gas  burner  for  working  coils  „ 


£0  2 6 
0 2 9 

0 14  0 
0 18  6 

0 4 6 
0 6 6 
0 8 6 

1 0 0 
2 7 6 


GALVANISATION  AND  ELECTROLYSIS. 

(.See  also  pages  10 — 14.) 


PLUNGE  BATTERIES. 

The  special  point  in  these  batteries  is  that  the  carbons  and  zincs  arc 
cast  together,  thus  ensuring  a good  connection,  since  the  breaks  of 
contact  which  not  unfrequently  occur  in  elements  that  are  .screwed 
together,  cannot  possibly  happen.  I^'urthermore,  when  the  zincs  have 
been  used  up,  new  elements  can  easily  be  fi.xed  even  by  the  most 
inexjjeriencffl.  India-rubber  floats  prevent  the  spilling.  During  the 
last  ten  years  over  1,500  of  the.se  batteries  have  been  .sold,  the  best  proof 
of  their  practical  cfuistruction,  and  experience  has  shown  that,  on  account 
of  their  great  simplicity,  they  re(|uirc  fewer  repairs  than  any  other  acid 
batterie.s. 

The.se  batteries  are  sjjecially  suitable  for  electrolysi.s. 


55,  Wigmore  Street,  London,  IV. 
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No.  So.  24-cell  Plunge 
Battery  in  polished 
oak  case,  with  current 
collector,  inserting 
the  cells  8 by  8, 
current  reverser,  gra- 
phite rheostat,  cords, 
handles  and  2 elec- 
trodes . . . £4  0 0 


No.  80. 


Plunge  Batteries  in  polished  mahogany  case,  with  automatic  lifting 
and  lowering  arrangement,  double  collector,  current  reverser,  cords, 
handles,  five  electrodes  and  three  spare  cells. 


No.  90 


76  K.  SC  HALL, 


No.  86,  24  cells  ... 

£7 

0 

0 

No.  87,  32  „ 

8 

10 

0 

No.  88,  40  

10 

0 

0 

No.  90,  24  „ with  coil 

9 

0 

0 

No.  91,  32 

10 

10 

0 

No.  92,  40  „ 

12 

0 

0 

Fitted  with  galvanometer  No.  271 

...  extra  2 

16 

0 

Spare  elements  for  the.se  batteries,  80 — 92  ... 

0 

0 

9 

Spare  glasses  „ „ 

0 

0 

3 

PORTABLE  LECLANCHE  BATTERIES. 


If  not  otherwise  ordered,  the  batteries  Nos.  99 — 140  will  be  charged 
with  liquid  cells,  if  remaining  in  or  near  London,  but  with  dry  cells  if 
they  have  to  be  sent  awaj'  a greater  distance.  Batteries  charged  with 
liquid  cells  can  be  sent  by  rail  in  the  care  of  the  guard  only.  Batteries 
charged  with  dry  cells  can-  be  sent  as  ordinary  freight  all  over  the  world. 

The  recharging  of  the  batteries  costs  qd.  per  cell  if  they  are  filled 
with  liquid  cells,  and  1/9  per  cell  if  they  are  filled  with  dry  cells. 

Provided  the  batteries  are  not  short  circuited,  batteries  Nos. 
99 — 133  are  guaranteed  to  last  with  average  use  for  two  years 
before  requiring  recharging.  For  combined  batteries,  the  two 
cells  working  the  coil  may  require  re-charging  earlier. 

Of  the  many  unsolicited  testimonials  we  have  received  about 
batteries  Nos.  99 — 140,  we  will  mention  one  only.  Dr.  Milne 
Murray,  of  Edinburgh,  writes  : — ‘ The  Combined  battery  (No.  132) 
I bought  some  three  or  four  years  ago  will  soon  want  re-charging. 
It  has  done  me  splendid  service,  and  1 am  greatly  pleased  with  it. 
I have  never  had  any  trouble  with  it,  and  though  1 have  used  it 
now  steadily  all  these  years,  and  made  thousands  of  applications 
with  it,  it  is  still  giving  a good  current.” 

Schall’s  batteries  for 
Patients  and  Nurses,  in 
oak  cases,  with  cord.s, 
handles,  and  three  elec- 
trodes. 

'I'he  strength  of  the 
current  can  be  regulated 
without  giving  shocks  to 
the  patient,  by  increas- 
ing or  diminishing  the 
number  of  cells  (two  at 
a time)  by  means  of  the 
forkerl  cord  a h. 


55.  Wigmore  Street,  London,  W. 
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’■’No. 

98. 

4 

cells 

*No. 

99. 

6 

)) 

tNo. 

too. 

8 

tNo. 

lOI. 

1 2 

No. 

102. 

18 

No. 

103. 

24 

No. 

104. 

32 

>> 

No. 

105. 

40 

3^x5  X 6|  inches,  weight  6-lbs. 
5 X 5 X „ „ 9i-lbs. 

5 ,X9^X  6^  „ „ 12^-lbs. 

7^X  10 X 6^  ,,  ,,  iS  -lbs. 

8 X 14X  6|-  „ ,,24  -lbs. 

8 X 17X  „ ,,30  -lbs. 


(Kig.  103.) 


£0  17  0 
1 1 0 
1 12  0 
2 2 0 

2 15  0 

3 5 0 

4 2 0 

5 0 0 


» Suggested  by  Mr.  Cardew,  for  treating  exophthalmic  goitre.  (Graves’s  disease.) 
t For  throat,  ear,  and  eye  diseases,  for  removing  hairs  by  means  of  electrolysis,  etc. 

Schall’s  Batteries,  with  current  collector,  current  reverser,  cord.s, 
handles,  and  four  electrodes  (oak  case). 


No.  117. 


No. 

116, 

18  cells. 

4i 

X 

9i 

X 

I r inches,  weight  1 6-lbs. 

£4 

10 

0 

No. 

"7. 

24  •: 

•7 

/ 

X 

1 1 

X 

1 I ,.  ..  2I-lbs.  (Kig.  117.) 

5 

10 

0 

No. 

118, 

32  .. 

/ 

y. 

i3i 

X 

j 1 ..  .,  29-lbs. 

6 

12 

0 

No. 

119, 

40  .. 

7 

X 

7 

X 

3 1 ..  ,.  37-ibs. 

7 

12 

0 
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No.  117A. 

Schall’s  Combined  Batteries. — ^With  current  collector,  current  re- 
verser,  coil  No.  6a,  and  large  dry  cell,  working  the  coil  for  about  100 
hours,  cords,  handles,  and  5 electrodes. 

No.  116.A,  18  cells  ...  ...  ..  ..  £6  10  0 

No.  iiy.A,  24  ,,  (tig-  117^-)  • ■ • • •••  • • 7 10  0 

No.  ii8.\,  32  „ •••  • • 8 12  0 

No.  iioA,  40  „ ...  ...  ■ • •••  •••  9 12  0 


No.  124 
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Schall’s  Batteries,  with  double  collector,  current  reverser,  galvano- 
meter (No.  270  or  No.  271),  cords,  handles,  and  five  electrodes. 

No.  122,  24  cells,  7 X II  X II  inches,  weight  22-lbs £10  0 0 

No.  123,32  „ 7 X i3^X  II  „ „ 30-lbs 11  0 0 

No.  1^4,  40  „ 7 X 16  X II  „ „ 38-lbs.  (Fig.  124.)  12  0 0 

No.  125,  50  ,,  8|^x  i6|^x  II  ,,  ,,  47-lbs.  ...  ...  13  0 0 


No.  132. 


Schall’s  Combined  Batteries,  with  double  collector,  current  re- 
verser, galvanometer  No.  271,  coil  No.  27,  Dr.  de  Watteville’s  commu- 
tator, cords,  handles,  and  se\-en  electrodes. 


No.  130.  24  cells,  7 X 13  XII  inches,  weight  34-lbs. 
No.  131.  32  ,,  7 X 15^x11  „ 42-lbs. 

No.  132.  40  „ 9 xi6ixii  „ „ 48-lbs. 

No.  133.  50  „ io^xi6ixii  „ „ 57-lbs. 


£12  15  0 
14  10  0 
16  5 0 

18  0 0 


To  save  space,  the  Coil  No.  27  is  arranged  vertically  in  the  batteries  130 — 133,  but,  if 
preferred,  it  can  be  mounted  in  the  same  manner  as  Fig.  139  shows,  without  alteration  in  price. 


Schall’s  Combined  Batteries,  larger  size,  with  double  collector, 
current  reverser,  galvanometer  No.  270  or  271,  coil  No.  27,  Dr. 
de  VVatteville’s  commutator,  cords,  handles,  and  nine  electrodes. 


No.  137.  32  cells 

No.  138.  40  „ 12  X 23  X 14  inches 

No.  139.  50  ,,  (Illustration  Fig.  50) 

No.  140.  60  ,, 


£16  0 0 
18  0 0 
20  0 0 
22  0 0 


The  addition  of  a rheostat  (No.  310)  increases  the  price  of  the  batteries 
by  ^ I each. 
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No.  139. 


These  batteries  are  excellent  for  consulting  rooms,  hospitals,  etc., 
for  galvani.sation,  electrolysis,  faradisation,  and  for  lighting  small  lamps. 
They  contain  all  the  necessary  acces.sories  for  measuring  the  strength  of 
current,  the  I^.M.h'.  of  the  cells  and  the  resistance  of  the  patient. 

\o.  142.  Stand,  with  drawer  for  the  reception  of  the  electrodes, 
and  two  movable  shelves,  to  put  a water  basin, 
etc.,  on  ...  ...  ...  ...  ...  ...  £2  2 0 

'I'hcre  are  several  hundred  of  our  Leclanchc  batteries  123 — 140  in 
use  alrearly.  'I'hey  have  been  su|)|)lied,  amongst  <4her.s.  to 

Drs.  Lauder  Uninton,  Nunn,  .Stratford  I’lace;  Andrew  Clark,  T.  Little,  T.  Janie.-., 
W.  Cheyne,  .S.  .Sharkey,  Harley  .Street;  .Maddick,  Pasteur,  Chandos  Street  ; Mott,  II.  Pennett, 
Sir  F.  .Semon,  llood,  Lewi.s  Jones,  Winiiiole  Street  ; Mason,  Pitt,  Turney,  .Schorstein,  Uridger, 
Portland  Place;  .Mont.  Murr.iy,  Jackson,  Kouth,  Manchester  Sijuarc  : Scanes  Spicer,  Wellicck 
Street;  Medley,  Mansfield  Street;  J Althaus,  (Jueen  Anne  Street;  Juler,  Cavendish  .Sipiarc  ; 
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Buzzard,  Grosvenor  Street ; Broadbent,  Seymour  Street ; Morrison,  Cadogan  Place  ; Harvey, 
Astwood  Road;  Skinner,  York  Place;  Cosens,  Oxford  Terrace;  Warner,  Brechin  Place; 
Currie,  Queen’s  Road,;  Manley  Sims,  Hertford  Street;  Holmes,  Old  Burlington  Street; 
Beauchamp,  Cromwell  Road  ; Goldsborough,  Welbeck  Street. 

Lord  Kelvin,  Dr.  MacIntyre,  Glasgow ; Drs.  Milne  Murray,  Taylor,  Turner,  Ronaldson, 
Bruce,  Haultain,  Edinburgh ; Aldous,  Plymouth ; Armstrong,  Buxton ; Brown,  Hayward, 
Wilson,  Liverpool ; Cremon,  Cummins,  Pearson,  Cork  ; Griffith,  Swansea  ; Griffith,  Hayward’s 
Heath  ; Green,  Sandown  ; Cross,  Clifton  ; Battersby,  Cannes  ; Barron,  Ascot ; Beatty,  Clacton- 
on-Sea  ; Friel,  Waterford  ; Greenbury,  Bradford  ; Mason  and  Bridgman,  Burton-on-Trent ; 
Moberley,  Bridlington  Quay  ; Nicol,  Llandudno  ; Passmore,  Gainsborough  ; Reid,  Canterbury  ; 
Russel,  Burslem ; Richardson,  Croydon ; Rayner,  Malvern  ; Renney,  Sunderland ; Rendall, 
Mentone  ; Roderick,  Llanelly ; Powell,  Exmouth  ; Shelly,  Hertford  ; Surridge,  Knutsford  ; 
Smith,  Ingatestone  ; Thomas,  Bromley  ; Winder,  Blackpool ; White,  Leeds  ; Wood,  Woolpit. 

Guy’s  Hospital,  St.  Mary’s  Hospital,  St.  Thomas’s  Hospital,  London  Plospital,  National 
Hospital  for  Diseases  of  the  Heart,  Central  Ear  and  Throat  Hospital,  General  Dispensary, 
Marylebone;  London  County  Lunatic  Asylum,  Hanwell ; St.  Andrew’s  Home,  Folkestone; 
Dispensary,  Exeter;  Devon  and  Exeter  Hospital,  Exeter;  Withworth  Hospital,  Mater 
Mi.sericordia  Hospital,  Dublin ; Royal  Inlirmary,  Hospital  for  Sick  Children,  Aberdeen ; 
Manchester  Southern  Hospital ; Infirmaries  in  Macclesfield,  Dundee,  Downpatrick,  Greenock, 
Waterford,  and  Worcester ; County  Asylum,  Whittingham ; Haywood  Hospital,  Burslem  ; 
Addinbrooke  Plospital,  Cambridge ; Grimsby  District  Hospital;  Sidmouth  Hydropathic  Co.; 
Hazelwood  Hydropathic  Co.  ; St.  Anne’s  Hill  Hydropathic  Co.,  Cork,  etc.,  etc. 

No.  143.  Trolley,  for  hospital  use  (Illustration  on  application)...  £3  5 0 

For  apparatus  for  utilizing’  the  current  supplied  from  dynamos 
for  galvanisation,  electrolysis  and  faradisation,  see  pages  130-144. 


STATIONARY  BATTERIES. 

For  physicians  who  have  to  apply  electricity  frequently,  and  whose 
batteries  need  not  be  portable,  as  well  as  for  hospitals  and  other  estab- 
li.shrnents,  etc.,  the  stationary  batteries  have  great  advantages,  because 
cells  of  large  type  can  be  used  for  them.  They  are  more  constant 
than  the  small  cells  used  for  portable  batteries,  and  last  on  an  average 
for  three  years  without  requiring  re-charging,  or  any  other  repairs 
whatever.  (The  cells  working  the  induction  coil  may  require  re-charging 
oftener,  if  strongly  used.) 

(As  to  the  cells  used  for  these  batteries,  see  also  page  ii.) 

The  batteries  Nos.  160 — 180  may  be  used  for  surgical  lamps 
requiring  not  more  than  0'8  ampere. 
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No.  160.  44  I.eclanchd 

cells,  in  oak  cabinet, 
(Fig.  170),  double 
collector,  galvano- 
meter No.  277,  cords, 
handles,  and  si.\ 
electrodes  £25  0 0 

No.  162.  The  same 

battery,  but  with  co:l 
No.  27,  commutator 
for  primary  and 
secondary  current, 
and  Dr.  de  Watte- 
ville’s  commutator  in 
addition  £30  0 0 

No.  170  44  Leclanche 

cells,  in  oak  or  walnut 
cabinet,  with  double 
collector,  galvanometer 
No.  278,  rheostat  No. 
321,  current  interrupter 
and  current  reverser, 
coil  No.  27,  Dr.  de 
Watteville’s  commu- 
tator, cords,  handles, 
and  nine  electrodes 
£37  0 0 


No.  170. 


(As  supplied  to  St.  Mary’s  Hospital,  Dr.  E.  Blake,  Mr.  Victor  Horsley,  .Sir  Russell 
Reynolds,  Dr.  Lloyd  Roberts,  Dr.  M.  M.  Sharpe,  Dr.  C.  H.  Haines,  Mr.  Tucker,  Dr.  Lauder 
Brunton,  Dr.  Gamgee,  Dr.  Macvail,  Dr.  Macintyre,  Dr.  Levellyn,  Dr.  Knight,  Dr.  Bachelor, 
Western  Infirmary,  Glasgow  ; Dr.  Hamilton,  New  York  ; and  others.) 

Batteries  Nos.  160,  162,  and  170,  with  50  cells  instead  of  40,  each  e.xtra  £3  0 0 

1,  ,,  ,,  ,,  bo  ,.  ,,  ,,  ,.  0 0 0 

No.  175.  60  I.eclanche  cells,  in  carved  oak  cabinet,  with  double 

collector,  Brenner’s  current  breaker  and  current 
reverser,  graphite  rheostat,  galvanometer  No.  290, 
large  coil  No.  28,  and  Dr.  de  Watteville’s  coinmutator, 
handles,  cords,  and  nine  electrodes  ...  ...  •••  48  0 0 

Nos.  160  to  180  are  the  most  freijucntly  used  combinations  of  apparatus.  There  are, 
however,  many  other  combinations  possible.  The  apparatus  can  l)c  fixed  on  tables  instead  of 
on  cuplxrards,  or  can  hang  on  the  wall  in  order  to  take  up  less  room.  We  are  |)rc(Mircd  to 
meet  the  wishes  of  medical  men  as  to  S|x;cial  combinations,  size  and  shajrc,  to  send  cstiin.ites 
and  photographs. 
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electric  bath. 

Any  wooden  or  porcelain  bath 
tub  is  fit  for  an  electric  bath,  metal 
tubs  rhay  be  insulated  to  a cei  tain 
gxtent  by  means  of  bath  enamels, 
so  that  the  electric  current  can  therein 
be  applied  to  the  patient.  Tin  elec- 
trodes, about  ten  inches  square,  are 
immersed  in  the  water  at  the  uppei 
and  lower  ends,  sometimes  at  both 
sides  as  well,  or  else  the  electrodes 
shown  in  Nos.  tpS  to  198  can  be 
used. 

No.  TO';.  Large  bath  elec- 
trode  £0  12  6 

No.  196.  The  same,  bent  for 
the  head  or  foot 
end  of  the  tub  0 15  0 


No.  195. 


No.  198. 

No.  198.  Paddle  Electrode  -..  ...  •••  •••  •••  £0  9 0 


No.  199. 

No.  199.  Electrode  for  monopolar  bath  £1  0 

For  Tin  Electrodes,  see  Nos.  480  to  497 


In  this  way  any  bath  tub  can,  without  trouble  or  serious  expense,  be  made  fit  for  the 
treatment  of  a patient  with  the  electric  current.  The  Induction  Coil  No.  35  is  specially  recom- 
mended, if  the  Faradic  current  is  used.  The  Batteries  Nos.  116  to  140,  or  Nos.  160  to  192 
are  suitable  for  applying  the  Galvanic,  Faradic,  or  Combined  currents. 


For  complete  Electric  Baths  in  hydropathic  establishments  or  in 
hospitals,  we  recommend  a specially  constructed  Bath  Tub,  at  the 
bottom  and  sides  of  which  six  or  eight  electrodes  are  fixed,  so  that 
the  patient  does  not  come  in  contact  with  them.  A commutator  makes 
it.  possible  to  make  the  Galvanic,  Faradic,  or  Combined  current  circulate 
between  any  pair  of  electrodes. 

If  it  is  desired,  the  douch  may  be  connected  with  the  current, 
and  be  applied  as  one  pole  or  electrode. 

The  battery  and  commutator  can  be  placed  in  the  same  room  as  the  bath,  or  in  an 
adjacent  room.  In  either  case  complete  control  over  the  direction  and  strength  of  the 
current  in  the  bath  is  possible.  The  commutator  has  to  be  connected  with  the  bath 
tub  by  as  many  wires  as  there  are  electrodes  in  the  bath. 

No.  205.  Oak  Bath  Tub,  with  eight  fixed  electrodes  and 

commutator  ...  ...  £12  10  0 

The  price  of  a complete  installation  of  an  Electric  Bath  with  extra  tub  is 
;^5° ! without  special  bath  tub  from  ^^4  to  ^40,  according  to  the 
battery  chosen. 

Estimates  and  Photographs  will  be  sent  on  application. 
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CURRENT  COLLECTORS, RE  VERSERS,  COMMUTATORS,  &c. 

(See  also  pages  14 — 19.) 


No.  209.  Schall’s 
Double  Collector, 
mounted  on  polished 
ebonite,  for  20  cells  . £1  18  0 


No.  210. 

30  cells 

. 2 5 

0 

No.  21 1 . 

40  „ 

2 14 

0 

No.  212. 

50  >. 

3 3 

0 

No.  213. 

60  „ 

. 3 10 

0 

No.  222. 

Current  Reverser  and 

polished  board 


No.  210. 

Interrupter,  mounted  on 

£0  14  0 


No.  232.  Dr.  de  Watteville's  commutator,  for  the  use  of  Galvanic, 

Faradic,  or  Combined  currents  ...  ...  •••  £0  16  0 


No.  236.  Dr.  Meissner’s  current 
reverser.  This  instrument 
reverses  the  current  auto- 
matically every  five  minutes 
(for  cataphoresis)  ... 

£2  15  0 


No.  236. 
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GALVANOMETERS. 

(See  also  pages  15 — 18.) 


The  instruments  Nos.  264 — 275  are  called  pocket  galvanometers,  because  they 
are  provided  with  a cover,  so  as  to  be  easily  portable.  The  magnets  oscillate  inside 
a solid  copper  block,  to  make  the  instraments  dead  beat.  If  the  point  on  which  the 
needle  oscillates  has  become  blunt,  this  point — which  consists  of  an  ordinary  sewing 
needle.  No.  lo — can  easily  be  taken  out  and  replaced  by  a new  needle  by  anybody. 
The  new  needle  should  project  just  as  far  as  the  old  one  did  when  the  galvano- 
meter was  being  graduated,  or  else  the  division  would  become  inaccurate.  To  get  the 
correct  projections  of  the  needle,  the  galvanometers  264 — 272  are  provided  with  a 
black  T-shaped  gauge.  It  is  held  against  the  horse  shoe  and  the  new  needle  is  fixed 
in  such  a position,  that  its  point  just  touches  the  top  of  the  gauge. 

The  galvanometers  Nos.  264 — 275  are  divided  to  meet  the  horizontal  intensity  of 
London,  and  the  greatest  error  is  guaranteed  not  to  exceed  2 per  cent. 

Edelmann’s  galvanometer,  in 
cardboard  box,  showing  up  to 
6 milliamperes  each  Jjjth  part 
of  a milliampfere  ...  ...  £1  8 0 

The  same  instrument,  showing 
up  to  30  milliampferes,  each 
single  milliampfere  ...  ...  1 8 0 


No.  270. 


No.  271. 


Dr.  Edelmann’s  galvano- 
meter, in  polished  ma- 
hogany box,  showing  up 
to  5 milliampferes  every 
i\[th  part  of  a milliam- 
pfere ; or  by  using  the 
shunt,  each  single  milli- 
ampbre  up  to  50  milli- 
ampferes  ... 


No.  271 


1 he  same  instrument,  showing  each  single  milliamp^re  up 
to  25,  or  by  using  the  shunt,  every  10  milliamperes  up  to 
250  milliamperes £2  12 


No.  272.  The  same  instrument,  with  two  shunts,  showing  up  to  5,  50 
or  500  milliamperes 

Other  divisions  can  be  supplied  to  order. 

No.  276.  Resistance  coil  of  1,000  ohms,  to  use  any  of  the  galvano- 
meters 264 — 275  as  a voltmeter...  * ... 


3 5 0 


0 16  0 
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GALVANOMETERS  WITH 
MAGNET  SUSPENDED  ON 
COCOON. 


No.  277,  Galvanometer,  with 
two  sluints,  show- 
ing up  to  5,  50,  or 
500  milliamperes  £4  10  O' 


No.  277. 

No.  278.  Dr.  Edelmann’s  Universal 

galvanometer  £7  12  0 

Nos.  277  .ind  278  indicate  every  part  of  a 

milliampere  from  o to  5,  each  single  milliampere  from 
o to  50,  and  to  by  10  milliamperes  from  o to  500  milli- 
amperes. 

No.  279.  The  same  instrument,  but 
with  an  additional  resis- 
tance, allowing  the  instru- 
ment to  be  used  also  as  a 
voltmeter  £8  16  0 


No.  278. 


In  order  to  read  horizontal  galvanometers  more  conveniently,  instru- 
ments Nos.  270 — 279  can  be  supplied  with  a mirror,  fitted  to  a movable 
ring 


No.  281.  Mirror  for  the  instru- 
ments Nos.  270 — 275  £0  12  0 

No.  282.  Mirror  for  the  instru- 
ments Nos.  278  and 
279  ...'  0 18  0 

No.  290.  Large  horizontal  gal- 
vanometer, with  ver- 
tical scale  ...  ...  10  10  0 


No.  292.  The  same  instrument 

with  voltmeter  ...  11  15  0 


The  internal  arrangement,  accuracy,  etc.,  of 
this  apparatus  are  exactly  the  .same  as  in  No.  278. 
The  scale,  protected  by  a gla.ss  cover,  has,  however, 
a diameter  three  times  larger,  in  consequence  of 
which  the  divisions  are  much  more  distinct,  and  can 
Ije  read  at  a distance  of  some  yards.  The  instrument 
is  not  portable,  and  is  best  placed  upon  a zinc 
bracket,  fixed  to  the  wall,  in  a good  light  and  con- 
venient position.  It  shows  up  to  5 M.A.’s,  e.ach 
i^,th  {>art  of  a M.A.,  up  to  50  M.A.’s,  e.ich  single 
M.A.,  and  to  by  10  M.A.’s  up  to  500  M.A.’s. 


No.  294.  Zinc  Bracket  for  same 


18,- 


No.  290. 
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No.  295.  D’Arsonval  gal- 
vanometer, with  two 
shunts  showing  up  to 
5 M.A.  every  x\jth 
of  a M.A.  up  to  50  every 
single  M.A.  and  up  to 
500,  10  by  10  M.A. 

(Fig.  295.)  ...  .-.£3  15  0 

These  instruments  are  independent  of 
the  earth’s  magnetism,  and  can  be  used 
in  a horizontal,  vertical,  or  any  other 
desired  position. 

No.  295. 

RHEOSTATS. 


(See  al-so  page  15.) 


GRAPHITE  RHEOSTATS. 

No.  306.  Rheostat  with  Mercury 
contact,  total  resistance  about 
100,000  ohms,  which  can  be 
diminished  gradually,  without  any 
jumps,  down  to  about  20  ohms  by 
turning  the  glass  dial  ...  £\  17  0 


Nos.  308 — 319. 


Rheostats  with  sliding  spring ; 
gradually,  without  any  jumps. 

the 

resistances 

can  be  varied 

No.  308. 

F rom  3 to 

200  ohms 

. . . 

...  £0 

18  0 

No.  309. 

„ 5 to 

600  „ 

...  0 

18  0 

No.  310. 

5 to 

1,000  „ 

...  0 

18  0 

No.  311. 

„ 10  to 

5,000.  „ 

...  0 

18  0 

No.  312. 

25  to 

10,000  „ 

...  0 

18  0 

No.  313. 

„ 50  to 

25,000  „ 

...  0 

18  0 

No.  314. 

n 5°  to 

50,000  „ 

...  1 

0 0 

No.  315. 

,,  too  to 

75,000  ,. 

...  1 

0 0 

No.  316. 

,,  100  to 

100,000  „ 

...  1 

0 0 

No.  319. 

Ln 

0 

0 

r-b 

0 

1,000,000  „ 

...  1 

5 0 
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No.  320. 

No.  320.  Several  of  these  rheostats  can  be  mounted  on  a board,  and 
be  connected  in  series,  so  as  to  have,  for  instance,  one  rheostat  with 
a low,  one  with  a medium,  and  one  with  a high  resistance.  Price 
of  the  board,  with  3 rheostats,  including  terminals  and  connections.  £2  12  0 


METAL  RHEOSTATS. 


No.  320.  No.  32T. 


No.  320.  1,000  ohms,  in  26  sub-divisions  ...  ...  ...  ...  £2  16  0 

No.  321.  5,000  ohms,  in  30  sub-divisions  ...  ...  ...  ...  3 12  0 

No.  325.  Large  metal  rheostat,  with  2 cranks,  with  21,000  ohms 

total  resistance,  in  70  sub-divisions  ...  ...  ...  6 00 

The  number  of  ohms  indicated  on  these  metal  rheostats  is  only  approximately 
correct  (within  10  per  cent.),  but  the  1,000  ohms  are  correct,  so  that  the  rheostats  can 
well  be  used  for  measuring  the  E.M.F.  of  batteries. 


CONNECTING  CORDS. 

No.  329.  1 2 yards  insulated  copper  wire  ...  ...  ...  ...  1/6 

No.  330.  One  pair  of  cord.s,  for  galvanisation,  faradisation,  or  electro- 
lysis, covered  with  silk,  yards  long  ...  ...  ...  3 0 

No.  332.  Ditto  ditto  2 „ ...  ...  ...  3/6 

No.  336.  Sejtarate  terminals  to  be  attached  to  silk  cords  ...  each  0 6 

ELECTRODES. 

No.  365.  Dr.  Hcrschell’s  handle,  for  the  reception  of  large  sponges, 
diameter  4 inches,  for  general  galvanisation  and  faradi- 
sation, without  sponge  ...  ...  ...  • •••  7/0 

No.  366,  Ditto  ditto  ditto  with  sponge  1 0 0 

The  sponges  can  easily  be  exchanged  in  Handle  No.  365. 
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No.  372. 

No.  370.  Simple  handle,  3 inches  long 
No.  371.  ,.  4 

No.  372. 

No.  376. 

No.  377. 

No.  378. 


1/6 

2/6 

3/0 

5 inches  long  . ....  5/0 

6 „ 5/0 

for  throat  electrodes  . . . 6/0 


!>  5 >>  ■ ■ ■ 

Handle  for  interrupting  the  current, 


No.  381.  No.  385. 

No.  381.  Handle  for  making iht  current,  5 inches  long  ...  ...  5/0 

No.  382.  „ „ „ 6 „ 5/0 

No.  383.  ,,  „ ,,  for  throat  electrodes...  ...  6/0 

No.  383.  Connecting  piece  for  fixing  the  electrodes  at  a right  angle  to 

the  handles,  Fig.  385  ...  ...  ...  ...  ...  2/0 


No.  398. 

No.  398.  Handle,  with  long  insulated  shaft,  for  introducing  electrodes 


No.  400.  No.  412. 

No.  400.  Double-handle,  by  Dr.  Althaus 

No.  412.  Bracelet  for  fixing  electrodes  to  the  arms  or  wrists  ... 
No.  418.  Belt  electrode,  by  Beard  and  Rockwell 


No.  418. 

...  10/0 
4/6 
6/0 


Nos.  430-32.  Nos.  442— 

No.  430.  Button  shape  electrodes,  small... 

No.  431.  medium 

No.  432.  ,,  large  ... 


1/3 

1/6 

1/6 
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No.  442. 
No.  443. 
No.  444. 


Round  Tin  Plates,  covered  with  leather. 


f inch  diameter ... 


I 

li 


)) 


14 

1/6 


No.  445. 
No.  447. 


2 inches  diameter  ... 


1/9  No.  449. 


o 

4 


2,0 
2/9 
4 0 


Nos.  452—58. 

Round  electrodes,  of  aluminium,  with  stout  handles,  and  an  arrange- 
ment allowing  the  flannel,  leather,  amadou  or  sponge  cover  to  be  easily 
e.xchanged. 


No.  451.  1 inch  diameter  ...  3 6 No.  454.  3 inches  diameter...  5/0 

No.  452.  2 „ „ ...  4 0 No.  458.  5 „ „ ...  7/6 


Square  fle.xible  electrode.s,  of  tin,  with  leather  covers. 


No.  460. 

I 

square  inch 

1/6 

1 No.  466. 

6 square  inches  ... 

3 0 

No.  462. 

2 

„ inches 

1/9 

No.  468. 

8 

3/9 

No.  463. 

3 

,,  •«  • » • 

2,0 

No.  469. 

10  ,, 

4 0 

No.  464. 

4 

>) 

2 3 

No.  470. 

12  , , ,, 

4/6 

Xo.s.  441 — 449  and  460 — 470,  with  carbon  plates  and  leather  cover, 
50  per  cent.  more. 


No.  475.  Electrode  for  neck,  covered  with  wash  leather  4 6 

Fle.xiblc  tin  electrfides,  with  white  flannel  covers  and 
terminals,  back  of  the  electrode  covered  with  wa.x  cloth 
(see  illustration  No.  103,  page  76). 


No.  480. 

2^  X 4 inches 

1 3 

No.  483. 

2^x5  ,. 

1/6 

No.  486. 

3 xSi 

1 6 

No.  489. 

3ix6 

19 

No.  475. 

No.  491.  X 7 inches  ...  2 3 

No.  493.  4i  X 8i  „ ...  2/6 

No.  495.  5 X 8J  „ ...  3 0 

No.  497.  6 X 10  „ 4/0 


55)  Wigniore  Street,  London,  IV. 
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No.  520. 

Foot  plate  electrode,  with  flannel 

cover  and  terminal, 

100  square  inches 

7/6 

No.  521. 

Ditto  ditto 

130 

8/6 

No.  525. 

Flexible  pillow  electrodes.  Fig.  525 

70  )• 

10/0 

No.  526. 

M 

100  ,, 

12/0 

No.  528. 

>>  >>  \ 

140  „ 

14/0 

These  electrodes  are  filled  with  small 

pieces  of  carbon,  they 

do  not 

get  blackened  on  the  outside,  and  being  very  flexible,  cling  closely  to 
any  part  of  the  body.  They  are  well  adapted  for  Dr.  Apostoli’s 
method. 


Nos.  540 — 42. 


No.  545. 


Brush  electrodes  with  metal  wire,  without  handles 


No.  540.  Small  ...  ...  \jQ 

No.  541.  Medium  I/9 

No.  542.  Large  2/6 


No.  545.  2^  square  inches  ...  5/6 
No.  55°-  7 Fig.  550  8/6 

No.  555.  Double  brush,  9 square 

inches,  Fig.  555...  10/0 
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No.  Electrodes  for  larj'nx,  with  olive  shaped  button,  shaft  insulated 

with  gutta-percha  

No.  566.  Electrode  for  stomach...  

No.  568.  for  cervix,  3 sizes each 

No.  570.  ,,  for  rectum  „ ^ 

No.  572.  Zinc  electrodes  for  rectum 


2 6 
9/6 
6/6* 
4/6 
3/0 


No.  573. 

No.  573.  Electrode  for  rectum,  with  douche  ...  ...  ...  6 0 

No.  575.  Electrode  for  bladder  .. . ...  ...  ...  ...  ...  3 0 

No.  580.  Mr.  Cardew’s  bladder  electrode,  with  ebonite  tap  and  soft 

catheter  ...  ...  ...  ...  ...  ...  ...  8 0 


No.  585.  No.  586.  No.  5S9. 


No.  585. 
No.  586. 

No.  588. 
No.  589. 


Electrode  for  ear 
Dr.  Weber  Liel’s  elec- 
trode for  the  ear  ...  6/0 
Electrode  for  the  eye  ...  9/6 
Spinal  electrode  ...  4/0 


6/0 


No.  588. 


No.  590.  Nos.  600—603. 

No.  590.  Electrode  for  penis  ... 

No.  600.  Wheel  electrode,  inch  long,  without  handle 

No.  602.  ..  ,.  2J  inches  long  

No.  603.  ,,  ,,  3^  >> 

No.  604.  Double  wheel  electrode,  with  handle 


7 0 
4,6 
6 6 
70 
16,0 


5S»  Wigmore  Street,  London,  W. 
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No.  6io.  Glass  vessel  for  holding  various  liquids  (unpolarisable  or 

diffusion  electrode)  inch  diameter  5/0 

No.  612.  Ditto  ditto  ditto  2^  inches  „ 6/0 


No.  615.  No.  620. 


No.  615.  Dr.  Meissner’s  double  electrode  for  cataphoresis,  Fig.  615  ...  16/0 

No.  620.  Dr.  de  Watteville’s  electrode  for  testing  sensibility,  with 

200  separate  wires  ...  ...  ...  ...  ...  9/0 


ELECTRODES  FOR  ELECTROLYSIS  AND  FOR  THE 
TREATMENT  OF  STRICTURES. 


Needles  for  removing  hairs,  naevi,  and  small  tumors. 


$ 

650 


666 


No.  650. 
No.  657. 
No.  660. 
No.  663. 


No.  675. 

Steel  Needle  with  terminal 
Platinum  Needle  with  terminal 
Gold  Needle 

Lens  as  shown  in  Fig.  665,  for  magnifying  the  hairs — it  can 
easily  be  attached  to  our  needle  holders  664  or  665 


16 
2/6 
3 0 

6/0 
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No.  664. 
No.  665. 
No.  666. 
No.  668. 
No.  669. 


Needle  Holder  for  the  reception  of  different  needles.  Fig.  664 

3/6 

Needle  Holder  with  interrupter 

„ 665 

4 0 

Forceps  for  epilation  ... 

„ 666 

2 6 

25  Steel  Needles  (No.  12) 

Dr.  Lewis  Jones’  Multiple  Bi-polar  Needle 

Holder,  for 

0 6 

treatment  of  ncevi 

Fig.  669 

15  0 

No.  675.  Complete  set  for  epilation,  consisting  of  9-cell  battery  with 
collector  inserting  the  cells  one  by  one  (see  illustration  675), 
bracelet  electrode  No.  412,  needle  holder  No.  664,  forceps 
No.  667,  a packet  of  needles  and  connecting  wires  £3  0 0 


Needles  for  destroying  tumors,  etc.,  with  flat  . 1.  i.i  ■ 

platinum  points,  and  shafts  insulated  with  india-  ■ 

rubber.  Nos.  674—679 

No.  676.  Needle,  i inch  long...  3 0 No.  678.  Needle,  3 inches  long...  4 0 
No.  677.  „ 2 inches  long  3/6  No.  679.  ,,  4 » )>  ^1^ 


No.  680. 
No.  682. 
No.  695. 
No.  710. 

No-  712. 


Electrode,  holding  12  steel  needles 

Electrode,  holding  12  platinum  needles  

Voltolini’s  double  needles  

Bougie  electrode,  with  Brodie’s  handle,  for  the  treatment  of 

strictures  of  the  urethra  

The  same  with  12  slides,  of  various  sizes  ...  


8 0 
16  0 
3 3 

8 6 
18  0 


No.  7'S- 

No.  715.  Complete  set  of  12  urethral  electrodes,  in  aisc 
No.  730.  Electrode  for  electrolysis  of  the  Eustachian  tube 


£3  0 0 
0 12  6 


55,  Wtgmore  Street,  Londo7i,  IV. 
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No.  735.  Electrode  for  electro- 
lysis of  the  lachrymal 
duct,  with  blunt  platinum 
top  ...  ...  1 0/6 

No.  738.  Electrode  for  electrolysis 
No  740.  Bougie  electrode,  with 
treatment  of  strictures 

ELECTRODES  FOR  THE  TREATMENT  OF  UTERINE 

FIBROIDS. 


No.  735. 

f the  cervix  uteri  ...  ...  ...  6/0 

2 heads  of  various  sizes,  for  the 
f the  rectum  ...  ...  ...  18 '6 


No.  745. 

No.  745.  Dr.  Apostoli’s  carbon  electrodes  ...  ...  ...  ...£0  8 0 

No.  748.  Dr.  Apostoli’s  platinum  sound,  with  handle  and  3 insulators 

of  different  lengths  ...  ...  ...  ..^  ...  5 0 0 

No.  749.  Dr.  Apostoli’s  sound,  consisting  of  a copper  wire  2*7  m.m. 

thick,  over  this  is  drawn  a tube  of  pure  platinum — the 
walls  of  this  tube  are  0-3  m.m.  thick — the  ends  of  the 
tube  are  also  of  pure  platinum.  Price,  including  handle 
and  insulator  ...  ...  ...  ...  ...  ...214  0 

We  guarantee  that  this  sound  will  wear  e.xactly  as  well  as  No.  748. 

No.  750.  Steel  trochars  each  2/6 


No.  780.  Dr.  Milne  Murray’s  electrode  for  uterine  fibroids 2 15  0 


No.  785.  Dr.  Apostoli’s  double  concentric  disc  electrode  ...  ...  12  6 

No.  787.  Ditto  ditto  ditto  ...  ...  13/6 

No.  789.  Dr.  Apostoli’s  double  vaginal  electrode  ...  12/6 

T9°-  ,,  ,.  electrode  for  the  urethra  and  uterus  ...  10/6 

(The  electrodes  Nos.  785  to  790  are  intended  for  the  localization  of 
galvanic  and  faradic  currents.) 

No.  795.  Tin  Plate,  with  connecting  cord,  to  be  used  with  potter’s  clay  6/0 
(See  also  Electrodes  Nos.  514  and  525.) 
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APPARATUS  FOR  FRANKLINISATION 

(Static  Electricity.  See  also  pages  43 44). 

Of  all  the  various  constructions  of  statical  machines  the  Wimshurst 
machines  have  been  found  to  be  the  most  reliable  ones. 


WIMSHURST  MACHINES. 


No.  850.  Two  plates,  diameter  16  inches 

No-  851-  - ..  2oi  „ 

Ny.  852.  „ „ 


£7  15  0 
9 0 0 
110  0 


No.  961. 


Machines  of  best  quality  and  finish. 


No.  861.  Two  plates,  diameter  20J  inches,  Fig.  961  ...  £12  0 0 

No.  862.  „ „ 24^  „ 14  10  0 

No.  865.  I.arge  Wimshurst  machine  with  four  plates  of  24 J inch 

diameter,  best  quality,  in  polished  glass  case,  with 
s[>ace  and  transmission  for  electric  motor,  and 
arrangement  for  regulating  the  spark  length  (see 
illustration,  No.  865)  ...  ...  ...  ...  ...  26  0 0 

I.arf'er  machines,  with  six  to  twenty-four  plates,  of  24  to  j6  inches  diameter,  arc 
m.ide  to  order.  Prices  and  photographs  can  lie  had  on  application. 


5S>  Wig^nore  Street^  London,  II. 
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No.  870.  Electrode,  with  wooden  ball  or  wooden  point 

No.  871.  ,,  „ metal  ball  or  metal  point 

No.  875.  Large  insulating  platform,  to  put  a chair  on  it  ... 


No.  880.  Bowl  for  the  head  ... 

No.  882.  Ozone  apparatus  ... 

No.  885.  Insulated  cable,  with  balls  at  the 
ends  ...  ...  per  yard 

No.  889.  Glass  tube, .with 
two  movable  balls 
for  regulating  the 
length  of  the  sparks 

No.  889.  Multiple  point  electrode.  Fig.  879 


Fig.  879. 


H 
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No.  896.  Leyden  jars  according 

to  size  ...  6/- to  £1  l q 

Glass  cases  for  the  static 

machines...  ...  £3  to  £15. 

For  Electro  Motors  for  driving  static 
machines,  .see  Nos.  135: 1365. 


I ( 


ACCUMULATORS. 

(See  also  pages  28 — 31.) 


55)  Wiginoye  Street^  London^  W . 
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Single  cells  in  lead- 
lined  Teak  Cases. 


No. 

907 

908 

910 

911 

912 


Complete  Batteries  for  surgical 
lamps,  carriage  or  bed  room 
lamps,  surgical  motors,  etc. 

The  cases  are  of  polished  oak  or 
mahogany,  and  are  lead-lined  as 
a safeguard  against  leakage. 
The  single  cells  are  sealed,  but 
wt  cemented  together,  so  that 
each  cell  can  be  taken  out^ 
separately. 


Capacity  in 
ampere  hours. 


Charge  or 
discharge. 


Weight. 


Price 

charged. 


Complete  batteries  in  ebonite- 
lined  teak  cases,  for  cautery, 
exciting  spark  coils,  running 
motors  for  surgical  lamps,  etc., 
etc. 


Price  of  rheostat  suitable 
Price  of  rheostat  suitable  for  batteries.  No.  931 — 935  •• 


14 

3 amperes  9 lbs. 

10/6 

21 

5 

„ II 

>> 

12/6 

35 

8 

„ 17 

15/6 

50 

15 

„ 22 

)) 

18/9 

70 

20 

„ .30 

n 

24/0 

Capacity 

Charge 

in 

or  dis- 

No. of  ampere 

charge 

Price 

No. 

volts. 

hours. 

amperes.  Weight. 

charged. 

916 

8 

10 

2 

£2 

8 6 

917 

12 

10 

2 

3 

10  0 

918 

8 

18 

4 

3 

4 0 

919 

12 

18 

4 

4 

4 0 

920 

8 

24 

5 

3 

10  0 

921 

1 2 

24 

5 

5 

10  0 

931 

4 

50 

12  42  lbs. 

£2 

10  0 

932 

8 

50 

12  80  „ • 

4 

11  0 

933 

12 

50 

12  125  „ 

5 

12  0 

934 

8 

75 

18  105  „ 

5 

10  0 

935 

1 2 

75 

18  160  „ 

6 

18  0 

for  batteries. 

No.  9 

16 — 921  ... 

£1 

0 0 

1 5 0 


RESISTANCES  FOR  CHARGING  ACCUMULATORS  FROM 

THE  MAINS. 
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No.  950.  Resistance  lamp  holder,  with  terminals  for  connection 

with  acccumulators,  Fig.  950  ...  ...  ...  ...  £Q  9 q 

This  Lamp  Holder  is  inserted  into  an  ordinary  Edison  lamp 
holder,  and  is  suitable  for  lamps  up  to  60-candle  power  (2  amperes) 
on  a too  volt  supply,  or  1 ami)6re  on  a 200  volt  supply.  The  poles 
are  ascertained  by  means  of  pole-finding  paper. 

No.  952.  Board  with  4 lamp  holders,  switch,  fuse  and  terminals 

to  connect  with  accumulators.  Fig.  952...  ...  ...  112  0 

This  board  is  suitable  for  currents  up  to  8 amperes  on  a 100  volt 
supply,  or  4 amperes  on  a 200  volt  supply. 

No.  954.  Similar  board,  with  8 lamp  holders  ...  ...  ...  2 14  0 

Suitable  up  to  16  amperes  with  too  volts,  or  8 amperes  with 
200  volts. 

No.  958.  Book  with  pole-finding  paper  ...  ...  ...  ..  0 1 6 

The  negative  pole  makes  a red  stain  on  the  moist  paper. 


AMPERE  METERS,  VOLTMETERS,  RHEOSTATS. 


No.  961. 


No.  966. 


No.  961.  Ampere  meter.  Fig.  961.  showing  from  o-i  to  2-0  ampbres  £110  0 

No.  965.  Ampere  meter,  Fig.  961,  showing  from  2 to  25  ampbres...  1 3 0 

No.  966.  Ampbre  meter.  Fig.  966,  showing  from  o-i  to  to  ampbres  112  0 


55,  Wigmore  Street,  London,  li' 
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No.  067.  Ampfere  meter,  Fig.  967,  showing  from  i ampere  to 

20  amperes  £112  0 

No.  97^.  Voltmeter,  similar  to  Fig.  966,  showing  from  o’l  to  5 volt 

every  ^-jj-th  volt  ...  •••  •••  •••  •••  112  0 

No  Q7t.  Voltmeter,  showing  from  i volt  to  20  volts  every  single 

volt  1 12  0 

No.  975.  Voltmeter  showing  from  i volt  to  75  volts  or  100  volts  ...  2 0 0 

Amperemeters  and  Voltmeters  with  other  divisions  than  those  quoted  above  can  be  made  to  order. 


No.  980. 


No.  980.  Rheostat  wound  on  slate  core,  and  mounted  on  polished 
mahogany  board  with  two  terminals,  Fig.  980,  resistance 
30  ohms,  suitable  for  surgical  lamps  requiring  not  more 
than  2'o  amperes  ...  ...  ...  ...  ...  ...  £1  0 0 

No.  981.  Similar  Rheostat,  resistance  lo  ohms,  suitable  for  lamps 

and  motors  requiring  not  more  than  5 amperes  ...  1 1 0 


No.  983.  Similar  Rheostat,  resistance  about  o'8  ohm,  suitable  for 
cautery  burners  and  spark  coils,  requiring  not  more 
than  16  ampferes  ...  ...  ...  ...  ...  ...  1 5 0 

No.  985.  Similar  Rheostat,  but  of  double  the  length,  total  resistance 
about  I'o  ohm,  suitable  for  cautery  burners  and  spark 
coils  requiring  up  to  30  amperes  ...  ...  ..  210  0 


Other  sizes,  or  a combination  of  several  of  these  rheostats  on 
a board  with  switch,  fuse,  terminals.  Amperemeter,  Volt- 
meter, etc.,  can  be  made  to  order. 
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BICHROMATE  BATTERIES  FOR  GALVANIC 
CAUTERY  & FOR  WORKING  SPARK  COILS. 


(See  also  pages  23 — 28,) 

The  batteries  marked  * may  also  be  used  for  lighting  surgical  lamps  and 

driving  surgical  motors. 

The  batteries  marked  *(*  may  also  be  used  for  working  spark  coils. 


Baiieries  with  two  cells  suffice  for  eye  operations  with  galvanic  cautery  : for  all  other 
operations  where  galvanic  cautery  may  be  applied,  four  cells  are  required.  Batteries  with  six 
or  more  cells  are  supplied,  partly  to  enable  the  operator  to  double  the  constancy  of  his  cells 
by  connecting  them  up  parallel,  and  partly  for  making  the  batteries  useful  for  surgical  lamps 
and  for  exciting  spark  coils. 


SIMPLE  BATTERIES, 

In  O.ak  C.ase,  for  Hospit.\ls,  &c. 


Each  cell 

gives 

a current 

of 

over 

30  amperes. 

No. 

1000.  2 

cells 

. £2 

16 

0 

*No. 

1001.  4 

>> 

3 

10 

0 

t*No. 

1003.  8 

6 

0 

0 

t*No. 

1004.  12 

n 

7 

5 

0 

The  prices  include  connecting 
cords.  Rheostat  for  any  of  the 
'above  batteries,  extra  1 8/- 


No.  1001. 

LARGE  BATTERIES, 

For  Specialists  of  Throat, 
Nose,  Etc.,  Diseases,  and 
Hospitals. 

In  Oak  Ca.si-:,  with  Rheo- 
stat and  Cords. 
t*No.  1009.  iocells£14  10  0 
t*No.  loio.  12  ,,  16  00 

Spare  zincs  for  batteries  Nos. 
1000 — 1010,  consisting  of 
1 1 parts  pure  zinc,  and  i 
part  of  mercury,  weight  2 
lbs.  4-0Z.  . 2 0 each. 

One  pair  of  spare  carbons, 

6 0 each. 

1 9 


No.  loio. 


' Spare  glasses 


S5>  Wigmore  Street,  London,  W. 
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SCH  ALL’S  PORTABLE 
CAUTERY  BATTERY, 

In  Oak  Case,  with  rheostat 
and  cords. 

*No.  1040.  4 cells,  7 X 9-|x  15 

inches.  Weight,  24  lbs. 

£5  10  0 

t*No.  1042.  6 cells...  7 15  0 

Of  the  many  unsolicited  tes- 
timonials we  have  received  about 
this  batter}',  we  will  mention 
here  one  only.  Mr.  WALTER 
Whitehead,  of  Manchester, 
writes  : — “ Four  years  ago  I ob- 
tained a battery  from  you  {No. 
1042)  which  I have  used  ever 
since  zvith  complete  satisfaction!' 

The  6-cell  battery  is  provided 
with  a current  collector,  in  addi- 
tion to  the  above-mentioned 
accessories. 


There  are  now  about  800  batteries  No.  1040  and  No.  1042  in  use  in  Great  Britain  and 
the  Colonies,  the  best  proof  of  their  practical  construction  and  reliable  working,  t These 


t We  have  supplied  them,  amongst  many  others,  to  the  following  hospitals  and  medical 
men  : — 

St.  Bartholomew’s,  Charing  Cross,  Guy’s,  St.  Peter’s,  St.  Thomas’s,  Westminster,  Great 
Northern,  London,  St.  Mary’s,  and  Westminster  Hospitals  ; Lock  Hospital,  Soho  Square  ; 
Hospital  for  Diseases  of  the  Heart  and  Paralysis,  German  Hospital,  Victoria  Hospital  for 
Children,  Central  London  Opthalmic  and  Queen’s  Jubilee  Hospitals,  Royal  Hospital  for 
Diseases  of  the  Chest,  etc. 

Royal  Infirmaries,  Bristol,  Glasgow,  Windsor,  Edinburgh  ; Western  Infirmary^  Glasgow  ; 
Queen’s  Hospital,  Birmingham  ; Bristol  Eye  Hospital ; Kent  County  Opthalmic  Hospital, 
Maidstone ; Infirmary,  Wolverhampton ; Eye  and  Ear  Hospital,  Liverpool ; Eye  and  Ear 
Infirmaries,  Southampton  and  Bath ; Ear  and  Throat  Hospital,  Birmingham ; General 
Infirmaries,  Leeds  and  Sheffield ; Children’s  Hospital,  Pendlebury ; Ear  Institution, 
Manchester ; Throat  and  Ear  Hospital,  Nottingham ; Eye  Hospital,  Shrewsbury ; South 
Devon  Hospital,  Plymouth ; Children’s  Hospital,  Sheffield  ; Eye  Hospital,  Oxford  ; Hospital 
for  Sick  Children,  Newcastle ; Grimsby  and  District  Hospital ; Sanatorium,  Weymouth ; 
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batteries  can  be  used  equally  well  for  cautery  and  for  light,  and  they  may  l>e  used  to  a limited 
extent  for  electrolysis,  for  removing  hairs,  destroying  nnevi,  &c.,  as  long  as  not  more  than 
about  lo  milliamp5res  are  required,  or  when  both  poles  (needles)  are  introduced  through  the 
skin. 

The  acid  for  the  batteries  Nos.  1040  and  1042  is  contained  in  strong  elx»nite  vessels, 
pressed  out  of  one  piece.  The  ebonite  cell  can  be  moved  up  and  down  by  means  of  a handle 
on  the  outside  of  the  battery,  and  can  be  fixed  at  any  elevation.  A 4-cell  battery  keeps  a 
platinum  burner  incandescent  for  about  thirty  minutes,  and  requires  for  its  filling  half  a gallon 
of  acid  solution.  If  the  battery  is  used  several  times  every  day,  refilling  is  necessary  about 
every  four  weeks,  but  if  it  is  used  only  now  and  then,  refilling  is  necessary*  every  three  months. 
There  is  little  danger  of  any  acid  being  spilled  in  carrying  the  batteries,  as  perforated  plates 
float  on  the  acid  and  prevent  its  splashing  over.  In  plunging  the  battery  in,  the  perforated 
plate  is  pressed  down  to  the  bottom  of  the  ebonite  vessel,  and  rises  again  to  the  surface  as  soon 
as  the  elements  are  removed  from  the  acid. 


Spare  zincs  for  batteries  Nos.  1040  and  1042,  consisting  of  10  parts  of 


zinc  and  i part  of  mercury,  weight  i lb.  12  ozs.  ...  each  2 3 

One  pair  of  carbons  ...  ...  ...  ...  ...  ...  ...  6 0 

Ebonite  vessel  for  4-cell  battery ...  ...  ...  ...  ...  ...  ,,  12,6 

Ditto  do  6-cell  do  ...  ...  ...  ...  ...  ...  .,  18/6 

Acid,  ready  mixed  for  charging  the  batteries  Nos.  1000  to  1042  per  galb  3/0 


Accumulators  for  cautery  and  spark  coils  will  be  found  on 
pag/e  90.  Rheostats  and  Transformers  for  utilizing:  the 
currents  from  Dynamos  for  cautery  and  spark  coils  will  be  found 
on  pag-es  135-139. 


Wolverhampton  and  Staffordshire  Infirmary ; Manchester  and  Salford  Hospital ; Royal 
Sussex  County  Hospital,  Guildford  ; Ripon  Hospital,  Simla  ; Medical  College,  Lahore,  etc. 

A.  Anderson,  G.  W.  Anderson,  A.  W.  Addinsell,  H.  T.  Butlin,  Buckstone  Brown, 
S.  Beauchamp,  W.  Bull,  G.  A.  Critchett,  Bruce  Clarke,  T.  H.  Clarke,  R.  Clarke,  C.  Cripps, 
A.  W.  Clemow,  G.  Caley,  E.  Curwen,  M.  Collier,  Stretch  Dowse,  E.  H.  Ezzard,  S. 
Edwards,  H.  Fenwick,  E.  A.  Fletcher,  J.  E.  Foster,  W.  Fearnley,  Gage-Brown,  W.  S.  A. 
Griffith,  H.  T.  Griffiths,  W.  Groome,  S.  Grubb,  F.  de  Havilland  Hall,  Reginald  Harrison,  H. 
Hetley,  W.  S.  Hedley,  Victor  Horsley,  T.  Flutchinson,  W.  R.  Holmes,  L.  Hudson,  T.  S. 
Harvey,  G.  Herschell,  Lewis  Jones,  C.  James,  H.  J.  Johnson,  W.  H.  Kelson,  T.  E.  Lane, 
H.  Lack,  Malcolm  Morris,  H.  W.  Mackenzie,  T.  Macgregor,  R.  Owen,  F.  B.  O’Connor,  H. 
Oppenheimer,  S.  Paget.  B.  Pollard,  L.  H.  Pegler,  C.  A.  Parker,  T.  H.  Prangley,  Pepperdene, 
John  J.  Pollard,  Prof.  W.  Rose,  R.  Rushworth,  A.  Routh,  T.  B.  Ryley,  F.  A.  Richardson,  D. 
Roberts,  C.  Symmonds,  R.  J.  A.  Swan,  G.  ‘Stoker,  A.  M.  Shield,  T.  B.  Smith,  W.  R. 
Stewart,  Dr.  Shearer,  Dr.  Stokes,  Sir  Henry  Thompson,  M.  Tuchmann,  G.  L.  Thomson, 
H.  A.  des  Voeux,  O.  Ward,  E.  B.  Waggett,  G.  L.  Wilkin,  P.  Whitcombe,  C.  William.s 
R.  II.  Willre,  II.  F.  Waterhouse,  etc. 

Drs.  W.  Browne,  Nelson,  Sinclair,  O’Neill,  Belfast ; Brooke,  Ran.sorr.e,  Walter  Whitehead, 
Manchester ; Reith,  Garden,  Macgregor,  Riddell,  Will,  Aberdeen ; Johnston,  Murdock, 
Duncanson,  McBride,  Edinburgh;  Macintyre,  Nicol,  Newman,  Napier,  Renton,  White, 
Glasgow ; Freeman,  Ferry,  Flemming,  Bath  ; Wilson,  Ranking,  Neild,  Crapper,  Tunbridge 
Wells;  Winders,  Price,  Abram,  Rudge,  Reading;  Williams,  Dunbar,  Baron,  Clifton; 
Prichard,  Thomas,  Cardiff;  Cuff,  Godfrey,  Thompson,  Scarlwrough ; Taylor,  Pryce, 
Nottingham;  Bramwcll,  Ward-Humphrey,  Cheltenham;  Alexander,  Southsea;  Dukes, 
Rugly:  Collins,  Wanstead  ; .Smith,  Northwich  ; H.-irdy,  Huddersfield;  Hewland,  .St.  Leon.yd’s ; 
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INSTRUMENTS  FOR  GALVANIC  CAUTERY. 

The  “ Universal  ” Handles  can  be  used  for  burners  snares. 

✓ 

The  “ Simple  ” Handles  can  be  used  for  the  burners  only. 


No.  1 100. 

No.  1 100.  Universal  Handle,  by  Dr.  Schech,  Fig.  1100  ... 


No.  iioi. 


No.  IIOI.  Simple  Handle,  by  Dr.  Schech,  Fig.  iioi  ...  ...  £0  15  0 


Stamp,  Plympton;  Friel,  Waterford ; Cowper,  Shanklin;  Stamberg,  Jersey;  Marsh,  Myers- 
Ward,  Wilders,  Birmingham;  Davies,  Bridgend;  Hartigan,  East  Grinstead ; Holderness, 
Windsor;  Cant,  Sympson,  Lincoln ; Newman,  Stamford ; Curry,  Taylor,  Liverpool ; Heard, 
Monkstown ; Tebb,  Bournemouth;  Gillibrand,  Bolton;  Stewart,  Denton;  Coleman, 
Hemsworth ; Kingscote,  Salisbury ; Thorne,  East  Retford ; Chamley,  Shrewsbury ; Barnes, 
Erith  : Lowther,  Grange-over-Sands;  Morgan,  Setfford;  Atkins,  Pearson,  Cork;  Gwillim,  South- 
ampton; MacEvan,  Dundee;  Walker,  Leeds;  Balfour,  Presteign ; Ferguson,  Malvern; 
Chapman,  Hereford ; Ruttle,  Accrington ; Dobie,  Chester ; Eccles,  Plymouth ; Knight, 
Griffith,  Swansea ; Stewart,  Nottingham  ; Thomson,  Newbury  ; Fogerty,  Limerick  ; Craig, 
Londonderr)' ; Thomson,  Luton ; .Shipman,  Grantham ; Jones,  Aberdare  ; Macaulay, 
Halifax;  Lord,  Colwyn  Bay;  Martin,  Weston-super-Mare;  Bennet,  South  Shields;  E.  S. 
Ford,  Galloway ; Gamlin,  Hartlepool ; Fearnley,  Harrogate ; Brookes,  Felixstowe ; 
Thompson,  Bideford  ; Tyson,  Folkestone ; E.  Thompson,  Omagh  ; Bowes,  Herne  Bay  ; 
Coulter,  Garry,  Calcutta;  Duke,  MacDougall,  Cannes;  Dr.  Rendall,  Mentone;  St.  Clair 
Thomson,  Florence  ; Wilmot,  Llewellyn,  Melbourne ; Muskett,  Farrant,  Wilkinson,  Clinton, 
Brady,  Williams,  McCormick,  Hall,  Sydney;  Sutcliffe,  Indianopolis  ; Silver,  Milbury,  New 
York;  Taylor,  Canada ; Scholtz,  Stevenson,  Fuller,  Rubidge,  Cape  Town;  Considine,  Port 
Elizabeth ; Duston,  Quick,  Bombay ; Henderson,  Jamaica ; Cantlie,  Hongkong ; Frend, 
Rosario;  Baker,  Rangoon;  Rendell,  St.John’s;  Thompson,  Hankow;  Mack  Kenn,.  Buenos 
Ayres;  Lotz,  Freemantle ; Daws,  Stuart,  Johannesburg;  Holland,  St.  Moritz;  Lemander, 
Upsala;  Faulkner,  Foowoombo  ; I.entas,  Darjeeling,  etc.,  etc. 
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No.  1 104. 


No.  1103.  .Schech’s  Handles  are  mostly 
used.  The  price  of  a case  containing 
Universal  Handle,  six  different  burners, 
two  ligature  tubes  and  one  porcelain 
burner,  jilatinum  wire  for  one  loop, 
and  steel  wire  for  twelve  loops 
is  £3  0 0 

No.  1104.  Schech’s  Universal  Handle 
and  Simple  Handle,  with  ten  platinum 
burners,  two  ligature  tubes,  two  porce- 
lain burners,  platinum  and  steel  wire, 
in  case,  Fig.  1104  ...  £4  4 0 


No.  1112. 


No.  II 12.  Universal  Handle,  by  Dr.  Kuttner,  Fig.  1112  ... 


...  £1  14  0 


No.  1 1 17. 


No.  1 1 16. 
No.  1117- 


Handle  for  eye  operations,  with  five  burners;,  in  case, 

by  Prof.  Sattler-Nieden,  Fig.  1117  

The  same  instrument,  with  five  additional  burners  for 
the  ear  ... 
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No.  iii8. 

No.  iii8.  Handle  for  dental,  etc.,  purposes,  with  five  burners,  in 

case.  Fig.  iii8...  ...  •••  •••  •••  •••  £1  10  0 


Shape  and  de.scription  of  the  ordinary  curves  of  burners  and  ligature 
tubes.  The  length  is  4,  6,  or  8 inches,  as  desired.  Other  curves  or 
burners  can  be  made  to  order. 

In  ordering,  please  state  the  desired  length  in  inches,  and  for  the  curve  quote 
the  capital  letter  printed  by  the  side,  and  the  form  of  the  platinum,  with  its  accom- 
panying figure  as  shown  in  Nos.  1 120  to  1 160. 


Nos.  1131  1132 


”34 


”35 


1136 


”33  1133a 


1142 


A'.  SCHALL, 


io8 


Nos.  1150  1 15 1 1152 


HS3 


1155  1156  1157  1158 
Shape  and  numbers  of  the  burners:  Nos.  1120— 1142  platinum, 
1150—1153  porcelain,  1155—1169  platinum. 

Prices  Burners  Nos.  1120—1137,  3/-;  1140— 1152,  4/9;  1155— 
1 169,  5/3  ; ligature  tubes,  3/-. 

If  desired,  an  alloy  of  platinum  and  iridium  can  be  used  for  the  burners  instead 
of  pure  platinum.  The  alloy  remains  stiff  and  hard,  whereas  pure  platinum  yets  soft 
after  it  has  been  incandescent. 

Nos.  1120,  1122,  1123,  1125,  1133  3^nd  1150,  are  the  most  frequently  used  shapes 
of  burners,  and  if  not  otherwise  ordered,  these  shapes  only— some  straight  for  nose, 
&c.,  and  some  bent  for  the  larynx — will  be  used  for  the  sets  Nos.  1 103 
and  1 104. 

Platinum  wire  for  one  large  loop  ...  ...  ...  ...  ...£0 

Steel  wire,  o‘3  or  0-4  millimetre  thick,  for  six  loops 
Cases  for  cautery  instruments 

No.  1175.  Prof.  Bottini’s  instrument  for  burning  the  prostate 

(As  supplied  to  Mr.  Bruce  Clarke,  Mr.  Fenwick,  and  others.) 

No.  1178.  Water  cooling  apparatus  for  instrument  No.  1175,  with 
bellows,  &c.,  complete 


2 

1 

4 

10 


1 10  0 


BATTERIES  FOR  ELECTRIC  LIGHT. 

(See  al.so  pages  31—35)- 

For  the  following  batteries  we  have  stated  approximately  how  many  ampiire 
hours  the  elements  used  in  the  batteries  will  yield,  and  for  the  instruments  we  have 
stated  the  average  number  of  amperes  required  by  the  lamps.  These  two  figures  will 
help  to  find  out  how  many  hours  a battery  will  keep  a lamp  incandescent  before  having 
to  be  re-charged.  For  instance,  a battery  fitted  with  cells  of  10  ampere  hours 
capacity  will  keep  a lamp  requiring  o'5  ampere  incandescent  for  20  hours  ; a lamp 
requiring  i ampere  for  10  hours  ; a lamp  requiring  i'5  ampere  for  6'5  hours  altogether  ; 
in  other  words,  if  a lamp  requiring  o'5  ampere  is  kept  incandescent  {ox ^ minutes  diiily^ 
and  the  cells  of  the  battery  have  a capacity  of  10  ampiire  hours,  the  battery  will  be 
exhausted,  and  want  re-charging  after  about  8 months. 

A 6-ccll  battery  can  light  lamps  requiring  5 — 8,  an  8-cell  battery  can  light  lamps 
requiring  5 — ir  volts. 

Leclanch^  Dry  Batteries  for  electric  light,  with  rheostat  and  cords. 

(See  also  page  33.) 

Cap.->city  in 

amp.  hour*.  Weight. 

No.  1186.  8 cells,  6 x qi  x 8 inches  15  15  lbs.  £2  7 0 

,,  1188.  8 ,,  6A  X 13  X 9 „ 30  24  „ 2 14  0 


No.  1086. 

New  cells  for  the  batteries  No.  1186  ... 


No.  1192. 


each  £0 


2 

3 


6 

0 


No.  1192.  6 cell 

Bichromate  Bat- 
tery, with  rheostat, 
for  surgical  lamps 

£3  15  0 


This  battery  gives  a perfectly 
steady  light  for  3 to  4 hours,  and 
can  be  used  for  all  lamps  requiring 
between  4 and  ii  volts  and  0'4  to 
I '5  amperes.  Indiarubber  floats 
prevent  the  spilling  of  the  acid, 
and  the  battery  can  easily  be  re- 
charged and  kept  in  order  for  many 
years  without  the  help  of  an  elec- 
trician. It  is  specially  useful  for 
Surgeons  using  incandescent  lamps 
at  irregular  intervals,  and  for  Sur- 
geons living  abroad. 


For  Accumulators  for  surgical  lamps,  see  Nos.  916-935. 

For  Bichromate  Batteries  for  surgical  lamps,  see  also  Nos.  1001- 
1042. 

For  Rheostats  and  transformers  for  utilizing  the  current  from 
the  main  for  small  surgical  lamps,  see  Nos.  1642-1696. 
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INSTRUMENTS  FOR  ELECTRIC  LIGHT. 


Mounted  spare  lamps  for  the  Instruments  Nos.  1200 — i^S^cost  2j- each. 


No.  1200. 


No.  1200  LaryngfOSCOpe,  by  Dr.  Semon,  with  case  and  one  spare 

lamp  £1  10  0 

The  lamps  require  7 to  1 1 volts  and  i ampere. 


This  instrument  can  also  be  very  advantageously  used  in  dental  operations. 
Further,  the  mirror  can  be  removed,  and  the  lamp,  which  has  a very  thin  handle,  can 
be  used  for  the  illumination  of  other  cavities  of  the  body. 


No.  1204. 


No.  1204.  I^mp  with  glass  rod  to  conduct  the 

light  without  any  heat,  for  ophthalmo-  , 

scopic  purposes  ...  •••  ...£1  10  0 ■ ! 

No.  1205.  Tongue  - depressor,  by  Schall,  with 

case  and  one  spare  lamp  ...  ...  £1  15  0 No.  1205 

'I'hc  lamps  require  7 to  8 volts  and  1-3  amperes. 

The  ebonite  spatula  can  be  removed  to  be  cleaned. 

No.  1206.  Similar  instrument,  but  with  larger  lamps,  for  making  the 
antrum  transparent ; the  lamps  give  a light  of  about  4 
candles  ...  •••  •••  •••  •••  ^2  0 0 

The  lamps  require  1 1 volts  and  r6  ampere. 
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No.  I2II. 

No.  1211.  Hand-lamp  with  platinized  reflector,  for  ab- 
dominal and  other  operations,  in  case,  with  one  spare 

lamp  £1  15  0 

The  lamps  require  8 to  lO  volts  and  075  ampere. 


No.  1212.  Forehead  lamp, 
with  concave  mirror  and 
lamp,  as  shown  in  Fig.  1212, 
with  case  and  spare  lamp  £2  6 0 

This  lamp  gives  an  exellent  light. 

The  lamps  require  8 volts  and 
I ampere. 


No.  1208.  Schall’s  Otoscope,  fitted  with 
incandescent  lamp,  case,  spare  lamp,  and 
three  ear  funnels  in  case  ...  £2  15  0 

(Patent  No.  1725,  1896.) 

This  instrument  gives  a very  brilliant 
light,  and  allows  perfectly  free  move- 
ment for  the  operating  instruments. 


No.  1210.  Incandescent  lamp, 
for  vaginal  speculum,  with 
one  spare  lamp  ...  £15  0 


No.  1210. 


The  lamp  is  carried  on  a spring,  which  can  be  clamped  to  an} 
speculum.  The  lamps  require  7 volts  and  i ampere. 


No.  1212. 
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No.  1214.  Forehead 
lamp,  with  steel 
band,  spare  lamp 
andcase,Fig.  1214  £1  14  0 

The  lamps  require  8 volts  and 
ro  ampere. 


No.  1214. 

The  lamps  No.  1214  do  not  show  a picture  of 
the  carbon  filament ; the  light  is  bright  and  homogen. 
If  the  lens  is  pushed  back  as  far  as  it  will  go,  the 
illuminated  area  is  large,  and  the  light  diffused  ; if  it  is 
drawn  out  the  diameter  gets  smaller,  but  the  light  is 
more  concentrated  and  intense.  A parallel  beam  of 
light  can  be  obtained  with  the  lamp  if  desired. 


No.  1215.  Hand  Lamp,  with 
bull’s  eye,  for  surgical  opera- 
tions, with  case  and  spare 
lamp 


£1  17  0 


The  diameter  of  the  illuminated  area  and 
the  intensit)’  of  the  light,  can  be  regulated 
by  altering  the  distance  of  lamp  and 
len.s. 

No.  1216.  The  same  instrument, 
straight  ...  ...  •••  •••  £112  0 


' ) 


u) 


No.  1215 


No.  1216. 


55,  Wigmore  Street,  London,  IV.  113 

No  1218.  Lamp  with  bull’s  eye,  and' stand  with  universal  move- 
^ ment,  for  surgical  and  dental  operations,  microscopic 

work,  etc.  Fig.  1218  ...  ..  ...  ...  •••  £2  10  0 


No.  1218.  No.  1220. 


No.  1220.  Lamp  on  stand,  as  shown  in  P'ig.  1220.  The  optical 
arrangement  consists  of  three  lenses,  the  position  of 
which  can  be  varied  so  that  either  diffused  light  or  a 
parallel  beam  of  light  is  obtained.  The  lamp  gives  a 
powerful  light  and  is  very  convenient  for  dermato- 
logical, microscopic,  etc.,  purposes  ..  ...  ...  £3  0 0 


No.  1220. 


No.  1220.  I.amp  for  transillumination  of  larynx,  nose,  temples,  ear, 
etc,  with  indiarubber  funnel  and  water  cooling 
arrangement 


I 
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No.  1250.  Phantom,  with  imitation 
of  mouth,  larynx,  post-nasal  cavity 
and  ear,  with  30  coloured  pictures 
of  the  principal  diseases  of  the  larynx 
by  Dr.  Schech,  8 coloured  pictures  of 
the  post-nasal  cavity,  and  24  coloured 
pictures  of  the  ear  ...  £1  1 0 

No.  1255.  Lamp  for  abdominal  operations,  made  for  St. 

Bartholomew’s  Hospital,  price,  including  one  spare 

lamp  and  case,  Fig.  1255  £112  0 


No.  1255. 


The  lamp.s  require  9 volts  and  075  ampere. 

It  is  introduced  through  wounds  during  abdominal  operations,  to  find  bleeding 
arteries,  etc.  The  lamp  is  protected  so  as  not  to  dazzle  the  eye>of  the  operator.  The 
instrument  can  easily  be  sterilized. 

No.  1256.  Fenwick’s  Urethroscope,  with  one  spare  lamp,  in- 
flating arrangement  and  double  bellows  ...  ...  £4  0 0 

The  lamps  require  9 volts  and  075  ampere. 

This  instrument  can  be  used  equally  well  for  the  rectum,  ear, 
oesophagus,  nose,  vagina,  etc. 


• In  the  mode  of  reflection,  this 
instrument  is  a distinct  innova- 
tion. In  other  endoscopic  instru- 
ments the  lamp  was  usually 
placed  in  front  of  a perforated 
mirror,  and  the  oj>erator  looked 
at  the  object  through  a perfora- 
tion ; but  in  this  instrument  a 
mirror  is  placed  behind  the 
lamp,  and  ils  concavity  permits 
of  the  concentration  of  the  rays 
of  the  light  coming  from  the 
lamp  upon  the  object,  the  oper- 
ator looking  over  the  upper  edge 
of  the  mirror  into  the  tube  fixed 
to  the  instrument.  In  this  way 
he  is  enabled,  even  in  the  case 
of  such  narrow  and  long  canals 
as  the  male  urethra,  to  observe 
and  to  use  the  operating  instni- 
ments  at  the  .same  time.  This 
arrangement  also  makes  it 
pissible  with  the  aid  of  a cotton 
holder  to  apply  acids,  caustics, 
etc.,  exactly  on  the  spot  where 
their  effect  is  most  wanted,  or 
with  a pair  of  force|«  to  seize 
foreign  bodies  in  theirsophagu.s, 
urethra,  etc.  It  is  chiefly  employed  for  liRhting  up  the  male  urethra,  the  car,  nose,  .esophagu.s 
Tcctuo)  and  va^na. 


No. 


"5 
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No.  1257.  Complete  set,  consisting  of  the  above  instrument,  with 
spare  lamp  in  case,  5 urethral  tubes  and  2 cotton 
holders  ...  •••  •••  •••  0 

With  the  Urethroscopes  it  is  very  essential  that  the 
lamp  should  be  exactly  in  the  focus  of  the  mirror  or 
lens,  as  otherwise  no  light  will  be  obtained  at  the  end 
of  the  tube.  This  must  be  borne  in  mind  in  placing 
new  lamps  in  their  position.  After  exchanging  the 
lamps,  a piece  of  white  paper  is  placed  on  a table,  and 
the  end  of  the  tube  directed  upon  this  paper.  Novv, 
while  the  lamp  burns,  it  is  moved  up  and  down,  until 
an  intense  and  circular  light  falls  on  the  paper,  and 
when  in  this  position  it  is  fixed  to  the  body  of  the 
instalment  by  means  of  a screw. 

No.  1258. 

No.  1258.  Schall’s  Urethroscope 
(Patent  No.  1725,  ’96),  with  spare 
lamp  and  cords.  Fig.  1258  ...  £2  10  0 

No.  1258A.  The  same  instrument, 
with  the  inflating  arrangement  and 
double  bellows  in  addition  ...  3 6 0 

No.  1259.  Complete  set,  consisting  of  instrument  No.  1258,  in 

case,  with  3 tubes  and  2 cotton  holders  ...  ...  £3  7 0 

No.  1259.A.  Complete  set,  consisting  of  instrument  No.  1258A,  in 

case,  with  3 urethral  tubes  and  2 cotton  holders  ...  4 2 0 

This  instrument  has  the  same  advantages  as  No.  1256,  but  the 

light  is  utili-sed  in  a more  economic  manner,  and  the  illumination  at  the 
end  of  the  tube  is  therefore  more  intense. 


No.  1263. 


No. 

1261. 

Urethral  Tube, 
Fig.  1261  ... 

No.  16 

French 

gauge  3^  inches  long 

4/- 

No. 

1262. 

Do.  No.  18  French  gauge, 

4 ins.  long 

4/- 

No. 

T263. 

Do.  No.  20  ,, 

• ^ 

4^  » 

ij  • ♦ . ...  ... 

4/- 

No. 

1264. 

Do.  No.  22  ,, 

5 

j ...  ... 

4/- 

No. 

1265. 

Do.  No.  24  „ 

n 

5 !) 

...  ...  ... 

4/- 

No. 

12  56. 

Do.  No.  26  „ 

5 )> 

55  ...  ... 

4/- 

Other  sizes  and  lengths  of  tubes  are  made  to  order. 
Similar  tubes,  with  cups,  as  shewn  in  Fig.  1269,  5/-  each. 
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No.  1270. 

No.  1269. 

No. 

1270. 

Urethral  Tubes,  lengthwise,  open 

each 

8;- 

No. 

1272. 

Tubes  for  the  prostate,  with  conductor 

* • ‘ 

6/- 

No. 

1 280. 

Cotton  holders  for  the  urethra 

* * * • 

2 - 

No.  1290. 


No. 

1290. 

Rectal  Tube,  with  conductor,  in 
sizes  ... 

three  different 
each 

4 6 

No. 

1294. 

•Metal  Ring,  to  connect  these 
Urethroscope 

tubes  with  the 
each 

3/- 

For  illuminating  the  ear  and  nose,  funnels  of  different 
diameter  can  be  screwed  on  to  the  instrument. 


No.  1296.  Ear  Funnel,  in  three  different  sizes.  Fig.  1296 

each  2 

No.  1300.  Tube  for  examining  the  nose.  Fig.  1300  „ 3/6 


No.  1305. 


No.  1304-  Tube  for  examining  the  cesophagus,  diameter 
15  mm.  length  n ins.  *-'3-ch 

No.  1306.  Tube,  diameter  17  mm.,  length  18  m. 

No.  1307.  Metal  Ring,  to  connect  the  resophagus  tul)es 
witli  the  urethroscope  

No.  1310.  Forceps,  for  the  cesophagus,  l)y  Roecker 


11/- 

14'- 


4 - 
35/- 


With  *uch  a pair  of  force, « an  artificial  of  Icclh  ha.  l«cn  removed 
rom  the  a.-..ophagu.,  in  Prof.  v.  Billroth',  cliniquc. 


55,  Wigmore  Street,  London,  IV. 
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Cystoscopes. — The  Cystoscopes  made  by  Leiter  are  now  univer- 
sally recognized  as  the  best  make.  In  Great  Britain  there  are  over  ^00 
of  them  in  use  ; this  is,  no  doubt,  the  best  proof  of  their  usefulness  and 
reliability.  They  are  being  used  by  all  the  well-known  specialists  for 
diseases  of  the  bladder,  and  in  all  the  larger  hospitals. 


They  consist  of  a tube  bent  at  the  end  like  a calculus  sound.  In  this  part  of  the 
instrument  the  lamp  is  placed,  specially  protected  by  a thick  window  of  rock  crystal. 
To  e.xchange  a lamp,  the  bent  part  of  the  instrument  is  unscrewed,  the  lamp  taken  out 
and  a new  one  put  in  its  place.  Screw  B opens  and  closes  the  circuit,  and  a knob 
indicates  the  part  of  the  bladder  towards  which  the  prism  is  directed.  By  aid  of  the 
telescope,  a surface  of  3 to  4 inches  diameter  can  be  seen  at  once.  The  apparatus  is 
provided,  at  the  concavity  of  the  elbow,  with  a prism.  This  form  is  most  frequently 
used,  as  with  its  aid  more  than  three-quarters  of  the  bladder  can  be  brought  under 
examination.  With  it,  however,  the  posterior  wall  of  the  bladder  cannot  be  discerned, 
and  a second  instrument  is  required  for  this  purpose,  the  opening  of  which  is  on  the 
convexity  of  the  elbow.  A simple  glass  window  here  takes  the  place  of  the  prism, 
through  which  the  direct  observation  of  the  posterior  wall  of  the  bladder  becomes 
possible.  This  latter  apparatus  is  only  to  be  used  for  examinations  of  the  posterior 
wall  and  base  of  the  bladder. 

The  telescope  can  easily  be  taken  out  and  replaced,  so  that  one  telescope  serves 
for  two  instruments.* 


* For  uses,  vide  “ Electric  Illumination  of  the  Bladder  and  Urethra  ” (E.  Hurry  Fenwick), 
second  edition,  1889;  “British  Medical  Journal,”  No.  1424,  and  “Lancet,”  No.  3378. 
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No.  1320.  Hurry  Fenwick’s  Cystoscope,  for  anterior  wall,  with 

telescope  and  one  spare  lamp £4  iQ  0 

No.  1321.  Ditto,  for  posterior  wall,  with  one  spare  lamp  2 10  0 

The  lamps  require  7 volts  and  T2  ampere. 

This  instrument  is  the  most  recently  improved  Cystoscope.  The  connecting  cords  are 
fastened  so  that  they  revolve  easily,  and  there  is,  therefore,  no  imiiediment  in  turning  the  in- 
strument. The  Ijeak  is  short. 

The  usual  diameter  of  the  Cystoscope  is  No.  22  French  gauge. 
They  can,  however,  be  supplied  as  thin  as  No.  18  French  gauge,  or  as 
thick  as  No.  40 — in  the  latter  case  the  illumination  is  brighter,  and  a 
larger  surface  is  visible  at  a time.  , 

C}’stoscopes  with  irrigator,  straight  cj'stoscopes  and  cystoscopes 
provided  with  an  arrangement  for  taking  photographs  of  the  living 
bladder  can  be  supplied  to  order.  Prices  on  application. 

The  usual  length  of  that  part  of  the  instrument  which  can  be  intro- 
duced through  the  penis  is  7^  inches,  but  any  length  can  be  supplied  to 
order.  It  is,  however,  well  to  remember  that  the  longer  and  thinner  the 
instrument,  the  smaller  and  darker  must  be  the  picture,  and  vice  versd. 

The  Cystoscope  lamps  require  about  8 volts  and  i 3 ampere. 

No.  1322.  Ca.se  for  Cystoscopes  ...  ...  ...  ...  ..  £0  10  0 

No.  1325.  Casper’s  Cystoscope,  for  introducing  a catheter  into 

the  urethra.s,  with  lamp  and  case.  Fig.  1325  ...  ...  7 16  0 


No.  1325. 


Cystoscopes  must  not  be  left  burning  for  any  length  of  time  in  the  opm 
air,  as  in  that  case  they  ivould  get  heated,  and  the  insulation  of  the  electric 
conductor  might  be  destroyed.  If  hoivevcr,  that  part  of  the  apparatus  con- 
taining the  lamp  is  surrounded  by  zuater,  the  Cystoscope  may  be  kept  burning 
for  hours  before  it  becomes  perceptibly  warm. 


Tn  be  exiunii.cd  with  ti  Cystescopc  the  blaildcr  alwat  s uught  U. 
contain  5-»  ounces  clear  water.  If  the  water  in  the  Itlarhier  is  not 
clear,  it  ought  to  be  rinsed  out  previous  to  the  f)iK;rati<.n. 


55,  Wigmore  Street^  London^  II . 
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No.  1342.  No.  1343- 


No.  1329.  For  practising  with  Cystoscopes  and  for  demonstrations, 
a Phantom  as  shown  (No.  1342),  exhibiting  artificial 
tumours,  stones,  and  foreign  bodies,  &c.,  is  very 
convenient  ...  £0  18  0 

No.  1343  shows  two  blood-red  villous  papillomata,  of  the  exact  size  seen  by  a Leiter 
Cystoscope  in  a lady  aged  50,  who  has  suffered  many  years  from  painless  haematuria.  It 
was  modelled  according  to  the  plan  recommended  by  Mr.  Hurry  Fenwick  (“Brit.  Med. 
Journ.”  Jan.,  1889}. 

No.  1330.  Gastposeope,  with  telescope  ...  £9  10  0 

This  apparatus  is  essentially  of  the  same  construction  as  the 
C}’stoscope. 


No.  1332. 

^332.  Instrument  for  making  the  stomach  transparent,  with 

spare  lamp.  Fig.  1332 £3  12  0 


To  utilize  this  apparatus,  the  stomach  is  emptied,  and  filled  with  water  : the  instrument 
which  is  as  flexible  as  an  indiarubber  tube,  is  then  swallowed,  and  shows  in  a dark  room  the 
• exact 'position,  size  and  shape  of  the  stomach. 

Surgical  Lamps  to  be  used  in  connection  with  the  100  to  250 
volt  currents  supplied  from  dynamos  will  be  found  under  Nos. 
1710—1740  on  page  142. 
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MOTORS. 


When  ordering  motors,  please  state  whether  they  are  to  be  worked 
with  batteries  (accumulators  Nos.  9i«— 935,  or  bichromate  batteries  Nos. 
1003— loio  or  1042)  or  with  the  current  supplied  for  lighting  houses. 
In  the  latter  case,  please  state  whether  it  is  a continuous  or  alternating 
current,  and  the  voltage  of  the  supply. 


No.  1531. 


No.  1351.  Powerful 
Surgical  Motor  of  about 
o'2  H.P.  for  working  drills,  tre- 
phines, circular  or  straight  saws  ; 
for  applying  mas.sage  in  nose, 
ear,  etc.,  and  for  applying  rapid 
vibrations  to  joints.  It  can  be 
wound  either  for  10,  100  or  220 
volt  continuous  current.  This 
type  of  motor  starts  in  any 
position.  If  the  foot  switch 
is  used,  it  stops  the  moment 
the  current  is  broken,  and  by 
reversing  the  current,  the  direc- 
tion of  rotation  is  reversed 

£6  10  0 


I'wo  smaller  sizes  of  this  kind  of  motor  can  be  supplied  for  £4  1 5s.  and 

£5  15s.  respectively. 

-As  supplied  to  the  Royal  Infirmaries  in  Edinburgh  and  Glasgow,  Western 
Infirmary,  Glasgow  ; Royal  Free  Hospital,  St.  Bartholomew’s  Hospital,  London.  Drs. 
F.  M.  .Mackenzie,  Greville  MacDonald,  C.  H.  Cosens,  Fepperdene,  E.  Law,  etc.,  etc. 

No.  1352.  Powerful  flexible  cable  and  universal  hand  piece,  to  fit 

the  above  motor  ...  ...  ...  ...  ...  ...£2  2 0 

No.  1354.  Foot  contact,  for  starting  or  stopping  the  motor  (see 

illustration  1442,  page  123)  ...  ...  ...  ...  110  0 

1355.  Similar  motor,  largest  size  of  o'5  H.P.  with  calrle  and 

hand  piece  of  suitable  strength  ...  ...  . . ...30  0 0 

.-\s  supplied  to  the  General  Hospital,  Birmingham.  With  a 
motor  of  this  size,  it  is  p(,ssible  to  use  conical  trephines 
of  I J in.  diameter  for  perforating  the  skull,  and  even  with 
trephines  of  such  a diameter,  this  size  motor  does  not  sto|). 

Other  sizes  of  motors  can  he  made  to  order. 

To  control  the  s|)ced  of  10  volt  motors,  a rheostat  No. 

981  is  required. 

No.  1360.  Rheostat  for  starting  and  cmitrolling  the  speed  f)f  motors 

to  he  u.sed  with  currents  of  100  to  200  volt  ...  •••  116 


0 


55>  ^Vigniore  Street,  London,  IV. 
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No.  1365. 


1365.  Alternating  current 
motor  (without  collector) 
for  surgical  purposes,  in- 
cluding stout  cable  and 
hand  piece,  Fig.  1365  £10  10 


0 


'I'hese  illustrations  shows  some  burs,  drills,  trephines,  sound  for  massage,  and 
plates  for  applying  rapid  vibrations  to  joints,  etc. 

Prices  of  drills  and  burs  vary  from  ...  ...  ...  2 - to  4/6 

,,  straight  saws,  trephines,  and  circular  saws  ...  5 to  10;- 

„ large  conical  trephines  vary  from  ...  ...25/- to  £2  lOs. 

plates  for  applying  rapid  vibrations  to  joints  ...  5/-  to  16/“ 
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No.  1375. 


No.  1369.  Handle,  for  converting  a circular  movement  into  a 
longitudinal  one,  for  straight  saws,  massage,  percuteur, 

etc..  Fig.  1369 £2  10  0 

This  handle  can  be  attached  to  the  surgical  hand  pieces.  The 
length  of  the  stroke  can  be  varied. 

No.  1375.  Powerful  Motor,  wound  for  10,  100,  or  200-volt  con- 
tinuous current,  for  driving  static  machines,  etc.. 

Fig.  1375  £5  0 0 

No.  1380.  Similar  Motor,  wound  for  Alternating  current.  Fig. 

1365  ...  ...  ...  ...  ...  8 10  0 

No.  1390.  Motor,  with  fan, 
for  ventilating  consulting 
roonqs,  sick  rooms,  cabins, 
etc..  Fig.  1422  ...  £6  10  0 

In  ordering,  please  state  the 
voltage,  and  whether  it  has  to 
be  used  on  continuous  or  alter- 
nating current  circuits. 

For  Motor  interrupters,  see 
Nos.  1520 — 1522,  page  126. 

For  Motor  transformers,  .see 
Nos.  1664 — 1668  page  139. 

For  Motor  for  sinusoidal  cur 
rents.  No.  1679,  page  140- 

For  Motor  for  pneumatic  mas 
sag-e  of  the  ear,  No.  2030. 
page  150. 

For  Motor  for  driving-  centri 
fug-al  machines,  No.  2027. 
|)age  149- 

W ' For  Motor  for  dental  pur 
poses.  No.  I42f’»  pa^te  123. 


No.  1390. 


55,  Wigmore  Street,  London,  II'. 
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DENTAL  MOTORS  AND  INSTRUMENTS. 


No.  1425.  Columbia  Motor  for 

lo-volt  currents  ...  ...£7  10 


No.  1426. 
100  or 
currents 

No.  1428. 
100  or 
currents 


Columbia  Motor  for 
200-volt  continuous 

Columbia  Motor  for 
200-volt  alternatiiifr 


Of  all  the  e.xisting  dental  motors  this  is  the 
most  perfect.  It  is  very  powerful,  perfectly 
silent,  the  drill  stops  the  moment  the  current 
is  broken  ; it  starts  in  any  position  and  runs  in 
either  direction.  It  is  well  protected  against 
dust  ; and  hand  piece  and  drill  are  in  no  elec- 
trical connection  with  motor  or  earth,  so  that 
patient  or  operator  cannot  receive  any  shocks. 
With  a 1 00- volt  supply  the  motor  consumes 
only  o‘8  amperes. 

No.  1431.  Flexible  shafts  and 
hand  pieces  for  the  above 
motors  ...  from  £116  0 to  £3  0 0 


No.  1426. 


No.  1440.  Foot  contact,  with  rheostat  and  with  current  reverser, 

suitable  for  the  above  motors  ...  ...  ...  ...  £2  9 0 


No-  1440.  No.  1442. 

No.  1442.  Foot  contact,  to  start  or  stop  the  motor 


...  £1  10  0 
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No.  1450. 


No.  1450.  Bracket  for  suspending  the  Columbia  motor  ...  ...  £3  6 0 

No.  1454.  Heavy  stand  for  suspending  the  motors  1425 — 1428  ...  3 0 0 

(Illustration  on  application.) 

No.  1460.  Complete  outfit  for  Catophoresis,  consisting  of  18 
large  Leclanche  dry  cells  in  walnut  case,  volt  regulator 
increasing  or  diminishing  the  E M.F.  by  o'l  volt  at  a 
time,  galvanometer  registering  up  to  6 M.A.  every  J^jth 
of  a M.A.,  switch  to  break  the  cjurrent  automatically 
when  the  lid  is  closed,  cords,  wrist  electrode,  electrode 
with  platinum  point  for  cavities,  one  single  pole  and 
one  double  pole  electrode  for  the  reception  of  amadou 
discs  .soaked  in  cocaine  and  guajacol  , •••  •••  9 0 0 


For  accumulators  for  dental  motors 
,,  cautery  instruments  for  dental  purposes 

,,  lamps  for  dental  purposes  

,,  sterilizingf  and  hot  water  apparatus  ... 


No. 

see  Nqs.  918 — 925 
„ III  7 — I 1 18 
„ 1200 — 1220 

„ 2070—2075 
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APPARATUS  FOR  PRODUCING  ROENTGEN  X RAYS. 

(See  also  pages  55 — 65.) 


mahogany  case.  These  Coils  are  of  the  best  quality  obtainable.  We 
guarantee  that  the  length  of  the  spark  stated  below  may  be  exceeded  b}' 
15  per  cent,  without  risk  of  damaging  the  coil. 


No.  1504. 

6 

inch 

spark  Coil 

...  £14 

10 

0 

No.  1505. 

8 

y^  yy  * • • • • • ♦ • • 

...  17 

10 

0 

No.  1506. 

10 

••• 

...  21 

0 

0 

No.  1507. 

1 2 

y f 

yy  yy  • • • • • • • • • 

...  30 

0 

0 

No.  1508. 

14 

yy 

M j,  ...  ...  ... 

...  37 

0 

0 

No.  1509. 

16 

yy 

yy  yy  • • • • • ■ • • 

...  45 

0 

0 

No.  1510. 

18 

yy 

yy  yy  • • « ...  ... 

...  56 

0 

0 

No.  1511. 

20 

yy 

„ V (See  Fig.  15  ii.) 

65 

0 

0 

No.  1512. 

25 

yy 

yy  jy  . . 

...  106 

0 

0 

No.  1513. 

30 

yy 

yy  yy  ...  ...  ... 

. . . 

130 

0 

0 

No.  1514. 

35 

yy 

yy  yy  • • • * « • . • 

...  170 

0 

0 

The  addition  of  a 

mercury  break  (see  page  57) 

increases 

the 

price  of  coils  Nos.  1504 — 1508... 

by  1 

10 

0 

J) 

platinum  break  increases  the 

price  of  coils 

Nos.  1504 — 1508 

... 

by  2 

5 

0 

>> 

Deprez  interrupter  (see  page  57)  increases 

the  price  of  coils  Nos.  1504 — 1508  ... 

by  4 

10 

0 
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For  larger  coils,  we  advise  strongly  the  interrujiters  mentioned  below  ; 
they  can,  of  course,  also  be  used  with  advantage  for  smaller  coils.  If  the 
100  or  200-volt  continuous  current  is  available,  we  recommend  No.  1521 
or  1522;  if  the  coil  has  to  be  worked  by  accumulators  or  primary 
batteries,  we  recommend  No.  1520. 


No.  1520. 

No  IS20.  Motor  interrupter.  Fig.  1520,  with  rheostat  for  con-  ^ 

^ trolling  the  number  of  interruptions,  and  switch  3 

This  motor  can  be  worked  from  the  same  electrical  suppl)  as 


spark_coils  interruptions  can  be  varied  conveniently  from 

.0  inTer^iZt  per  minute  to  3,^^.  The  motor  can  be  used  equally 
well  for  surgical  operations,  drills,  trephines,  saws,  &c. 


As  supplied  to ; Royal  Infirmaries 
Edinburgh  and  Gla.sgow;  \\estern 

Infirmary,  Glasgow  ; Drs.  C.  11- 
Cosens,  V.  M.  Mackenzie,  I’epper- 
dene,  etc. 


No.  1521.  Turbine  inter- 
rupter, Fig.  152 1) 
rheostat  for  controlling  the 
Sliced  of  the  motor  (see 
page  58.) 

£12  0 0. 


No.  1521. 
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The  number  of  sparks  can  be  varied  between  1,500  and  7,000  per 
minute.  The  light  of  the  Crooke.s’  tubes  is  absolutely  steady. 


No.  1522. 


No.  1522.  WEHNELT’S  ELECTROLYTIC  INTERRUPTER, 
with  variable  surface  of  the  active  platinum 
electrode,  Fig.  1522.  (See  page  58)  £2  12  0 

No.  1525.  Volt  selector,  to  control  the  discharge  of  a spark  coil 
used  with  an  electrolytical  interrupter  on  a loo-voll 
supply  (see  page  58).  If  not  otherwise  ordered,  it  is 
arranged  so  that  currents  up  to  18  ampferes,  with  either 
16,  28,  40,  52,  64,  76,  88  or  100  volts  are  obtainable 
from  the  terminals.  Fig.  1525.  (Next  page)  ...  ...  £10  0 0 

No.  1526.  Similar  instrument  arranged  for  200-volt  supplies  ...  12  0 0 

The  addition  of  a voltmeter  and  amperemeter  as  shown  in 

illustration  1525,  increases  the  price  . ...  ...  by  4 0 0 

By  using  this  volt  selector,  the  discharge  of  the  electrolytical 
interrupter  can  be  adapted  to  any  tube  without  fear  of  damaging  it. 

Dr.  Mackenzie  Davidson  writes  us  about  the  voltselector : — 

“ I am  very  pleased  with  your  voltselector.  I tried  it  with  the 
new  electrolytical  interrupter  with  most  excellent  results.” 
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No.  1525. 

No.  1528.  Flexible  braided  silk  cable  12  feet  long,  with  india- 
rubber  insulation  and  terminals  at  the  four  ends,  suitable 
to  carry  currents  up  to  20  amperes,  to  connect  .spark 
coils  with  batteries,  rheostats,  volt  selectors,  &c.  ...  £0  9 0 

For  accumulators  for  working^  spark  coils,  see  Nos.  932—935. 

For  bichromate  batteries  for  working-  spark  coils,  see  Nos.  1003  — 

lOIO. 

For  rheostats  for  utilizing-  currents  from  dynamos  for  spark 
coils,  see  Nos.  1640 — 1647. 


No.  1520.  Amperemeter, 
voltmeter,  rheostat, 
and  fuse,  for  measur- 
ing and  controlling 
the  primary  current 
in  a spark  coil. 

£5  10  0. 


No.  1520. 
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Focus  tubes  of  best  quality,  with  two  anodes — 

No.  1530.  Diameter  of  bulb,  3+  inch,  for  4 — 10  inch  sparks  ...  £0  18 
No.  1532.  „ „ 5 .,  6—15  ,.  ...  1 6 

No.  1534.  „ „ 6|  „ 12—30  ,.  ...  2 2 


No.  1536.  Aetinometep,  for  testing  accuratelj?  the  penetrating 

power  of  focus  tubes  (see  page  62  & illustration  No.  1 536)  £1  5 

No.  153^'  Plain  stand  for  holding  focus  tubes  ...  ...  ...  O--  6 

No.  1539.  Stand  with  an  insulating  ebonite  arm  12  in.  long,  and 

heavy  cast-iron  foot  1 r 


0 

0 

0 

0 

0 

0 


K 


130 


K.  SCHALL 


No.  1540. 


No.  1545. 


No.  1540.  Large  stand  5 feet  high,  as  shown  in  Fig.  1540,  with 

insulating  arm  ...  •••  •••  •••  £2  12  0 

No.  1545.  Strong  table  for  placing  spark  coil  and  battery,  etc.,  on; 

very  convenient  for  Hospital  use  ...  ...  •••  4160 


Fluorescent  Screens  for  direct  observation,  coated  with  two 
layers  of  large  cr^rstals  of  barium  platino-cyanide : — 


No. 

1550- 

5 

X 

7 ins. 

No. 

1552- 

7 

X 

9^  ins. 

No. 

1553- 

9h 

X 

12  ins. 

No. 

1554- 

1 2 

X 

I si  ins. 

thick 

5 0 
0 0 
3 0 
0 0 


No.  1556.  Cryptoscope,  with  a screen,  Fig.  156 


3 0 0 


55,  Wigniore  Street,  London,  IV. 
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The  Screens  1550 — 1558  can  be 
supplied  with  a frame  and  cover,  which 
will  fit  tight  into  the  frame,  so  that 
a casette  is  formed  for  the  reception  of 
photographic  plates.  The  same  screens 
which  serve  for  direct  observations,  are 
then  available  as  accelerating  screens,  too. 

No.  1 5 5 7 . Double-coated  Platinum  Screens, 
with  special  frame  and  cover,  for 
the  reception  of  plates,  x 
ins.  £2  8 0 


No.  1558.  Double-coated  Platinum  Screens,  with  special  frame  and 

cover,  for  the  reception  of  plates,  lox  12  ins.  ...  3 16  0 

Other  sizes  can  be  made  to  order. 


PHOTOGRAPHIC  MATERIALS. 


Dry  Plates,  Films,  or  Papers  of  any  maker  are  supplied  to  order  at 
the  list  prices  charged  by  the  makers. 

In  ordering  plates,  please  states  whether  you 
desire  medium,  rapid,  or  instantaneous  plates  (see 
page  64). 

Light,  tight,  yellow  and  black  Envelopes, 

for  protecting  plates  against  daylight  during  expo- 
sure, 6^  X 8|  ins.,  2/- ; 8x10  ins.,  3/6  ; 10x12  ins., 
6/-;  15x12  ins.,  10/-  per  dozen. 

5>Rv'>^i  Developing  Trays,  Porcelain  Dishes, 
Printing  Frames,  Boxes  for  storing  negatives. 
Ruby  Lamps,  Glass  Measures,  etc.,  supplied 
to  order. 


Chemicals,  Developer,  etc.,  etc.,  supplied  to  order. 

No.  1570.  Set  of  Photographic  Utensils  for  plates  up  to 
8x10  ins.,  consisting  of  i xylonite  and  2 porcelain 
dishes,  10  oz.  graduated  measure,  and  ruby  lamp  ...  £0  12  0 

No.  T572.  Similar  set,  but  for  plates  up  to  12  x 15  ins.  ...  ...  10  0 

No.  1580.  Complete  Outfits  for  Roentgen  Rays,  consisting  of 
a 10  in.  spark  coil  with  mercury  interrupter;  12 -volt 
accumulator  of  50  ampbre  hours  capacity,  rheostat 
to  control  the  current ; 2 focus  tubes  of  best  quality, 
and  stand  No.  1 539 ; double-coated  fluorescent 
screen.  No.  1552  ; cables  and  connecting  wires,  and 
a set  of  photographic  utensils.  No.  1572  34  10  0 

Estimates  for  complete  sets  with  other  sizes  of  Coils,  can  be  had  on  application. 
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APPARATUS  FOR  UTILISING  CURRENTS 
FROM  DYNAMOS  FOR 
MEDICAL  AND  SURGICAL  PURPOSES. 

(See  also  pages  44 — 54). 


Of  the  following  apparatus,  Nos.  1600—1679  can  be  u.sed  in  those 
houses  wheie  the  continuous  current  is  laid  on.  Nos.  1680 — 1690  can  be 

used  in  houses  where  the  alternating  current  is  laid  on.  Nos.  1695 

1840  can  be  used  equally  well  with  the  continuous  or  the  alternating 
current. 


APPARATUS  FOR  GALVANISATION,  ELECTROLYSIS, 

AND  FARADISATION. 


No.  1600.  Board  of  poli- 
shed walnut,  with  switch, 
fuse,  resistance  lamp,  volt- 
regulator  2 handles,  cords 
and  4 electrodes.  Fig.  1 600 

£4  10  0 


The  two  terminals  on  the 
left-hand  side  of  this  board  are  in- 
tended for  charging  accumulators, 
or  for  working  <a  faradic  coil. 


No.  1600  is  also  the  most 
convenient  apparatus  for  control- 
ling the  current  from  an  alternating 
current  dynamo  for  sinusoidal 
faradisation  (see  page  53). 


No.  1600. 


No.  1605. 


Similar  apparatu.s, 
current  rcverser 
to  Fig.  1605) 


but  larger  pattern,  provided  with  a 
, and  d’Ar.sonval  galvanometer  (similar 

£9  12  0 


S5>  Wignwre  Street^  London^  W. 
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No.  1605.  Board  of  poli- 
shed walnut  or  dark  oak, 
with  2 switches,  lamps, 
volt  regulator,  d’Arsonval 
galvanometer,  current  re- 
verser,  sledge  coil  No.  27, 
de  Watteville  key,  cords, 

2 handles  and  7 electrodes ; 
drawer  for  the  reception 
of  handles  and  electrodes. 

Fig.  1605  ...  £15  0 0 


As  supplied  to  : — 

Drs.  Milne  Murray,  Edinburgh ; Gage 
Brown,  85,  Cadogan  Race,  London  ; 
Drs.  Bickerton,  Bark,  Gruenbaum, 
Glynn,  Grossinann,  Liverpool  ; 
MacIntyre,  Bath  Street,  Glasgow ; 
Dr.  Brooke,  Manchester;  V. 
Cotterell,  76,  Grosvenor  Street ; 
O’Connor,  Arlington  Street ; Travers, 
2,  Phillimore  Gardens ; Stonehani, 
West  Hampstead  ; Elliot,  Chester  ; 
Dr.  Ballance,  Norwich. 

Royal  Infirmary,  Hull;  Smedley’s 
Hydropathic  Establishment,  Mat- 
lock , Harrogate  Hydropathic  Co., 
Sussex  County  Infirmary,  Brighton  ; 
Infirmary,  Lancaster  ; New  General 
Hospital,  Birmingham ; Royal  In- 
firmaries, Edinburgh,  Aberdeen,  and 
Glasgow ; London  County  Asylum, 
Claybury;  St.  George’s  Hospital, 
London ; Victoria  Hospital,  Chelsea ; 
Infirmary,  Norwich ; St.  Andrew’s 
Hospital,  Northampton ; Norfolk  & 
Norwich  Hospital,  St.  George’  Hos- 
pital, Bombay;  Queen’s  Hospital, 
Birmingham  ; West  Riding  Asylum, 
Wakefield  ; North-Eastern  Hospital 
for  Children,  Shoreditch,  &c.  &c. 


No.  1605. 
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No.  1607.  Similar  apparatus, 
but  mounted)  on  a (poli- 
shed marble  or  slate  slab, 
instead  of  the  wooden 
board.  Fig.  1607. 

£16  16  0 


If  the  apparatus  are  to  be 
used  on  100  volt  supplies,  it  is 
only  a matter  of  taste  whether 
wood,  slate,  or  marble  is  selected. 
But  if  the  apparatus  are  intended 
to  be  used  in  connection  with  200 
or  2 50- volt  circuits,  wood  ought 
to  be  avoided  as  much  as  possible, 
because  it  is  an  insufficient  insu- 
lator for  such  high  voltages. 

The  apparatus,  1612 — 1618, 
can  also  be  supplied  with  slate  or 
marble  slabs  instead  of  the 
wooden  boards  ; the  price  will  be 
increased  then  about  35/-. 

If  the  apparatus  are  used  on 
loo-volt  supplies,  16-candle  lamps 
have  to  be  used  ; on  200  volt 
supplies  32-candle  lamps  have  to 
be  used. 


No.  1607. 
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No.  1615. 


No.  1612.  Portable  case,  containing  switch,  fuse,  lamp,  volt 

regulator,  current  reverser,  galvanometer,  cords, 
handles,  and  5 electrodes  ...  ...  ...  ...  £9  16  0 

No.  1615.  Portable  case,  with  the  accessories  specified  under  No. 

1605,  Fig.  1615  ...  ...  ...  ,...  ...  ...  15  5 0 

This  apparatus  can  be  carried  about  in  the  wards  of  hospitals,  etc., 
and  can  be  connected  with  wall  plugs  or  lamp  holders. 
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No.  i6i8. 


No.'i6i8.  Apparatus  as  shown  in  Fig.  i6i8  (suggested  by  Dr. 

Milne  Murray,  and  supplied  to  the  Royal  Infirmary 
in  Edinburgh)  ...  ...  ...  ...  •••  •••  £21  0 0 


This  apparatus  contains  all  the  acce.s.sorics  specified  under  No. 
1605,  anrl  is  provided  in  addition  with  a voltmeter  to  show  the  exact 
E.M.I*'.  which  is  being  utilized  on  the  jjatient. 
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RHEOSTATS  FOR  CAUTERY  AND  FOR  WORKING 
SPARK  COILS  FOR  ROENTGEN  RAYS. 

(See  also  pages  50 — 51). 


No.  1640.  Rheostat  for  spark 
coils  up  to  8 inches,  or  for 
cautery  burners  requiring  not 
more  than  10  amperes 

£9  0 0 


No.  1642.  Schall’s  rheostat, 
Fig.  1642,  mounted  on 
enamelled  slate  (or  marble) 
slab.  Platinoid  wire  -^th  in. 
thick,  with  a total  resistance 
of  5 '8  ohm.  Switch  with 
exchangeable  carbon  con- 
tacts breaking  the  current 
in  two  stages,  2 lamps,  2 
adjustable  rheostats  to  vary 
the  current  without  jumps 

£12  0 0 


No.  1642. 


As  supplied  to  : — 

Dr.  Mackenzie,  Hans  Place;  C.  L.  Sansom,  H.  Gage  Brown,  W.  Tyrell,  F.  Nauniann, 
L.  Stevens,  H.  Lovell,  E.  Cotterell,T.  Fallows, G.  Stoker,  London ; Macintyre, Glasgow ; Milligan, 
Manchester;  Ballance,  Norwich  ; Grossmann,  Bark,  Bickerton,  Wilson,  Liverpool;  McBride, 
Edinburgh  ; McIntosh,  St.  John’s,  Newfoundland ; Dr.  Brown,  Preston  ; G.  W.  Mackenzie, 
William  Street.  j 

Charing  Cross,  Iving’s  College,  Cancer,  and  St.  Peter’s  Hospital,  London  ; Sussex  County 
Hospital,  ,Brighton ; Throat  Hospital,  Hartmann  Street,  Manchester ; Ear  Hospital, 
Manchester  ; Infirmary,  Lancaster  ; Victoria  Hospital,  Chelsea;  Royal  Infirmaries — Aberdeen, 
Hull,  Glasgow,  and  Manchester;  New  General  Hospital,  Birmingham;  Norfolk  and 
Norwich  Hospital,  &c.  &c.  Westminster  Electric  Supply  Corporation,  Metropolitan  Electric 
Supply  Company,  Queen’s  Hospital,  Birmingham  ; West  Riding  Asylum,  Wakefield,  &c.,  &c. 

This  rheostat  is  suitable  on  100  to  115  volt  supplies  for  cautery 
burners  requiring  between  8 and  18  amperes,  for  spark  coils  giving  up  to 
25  in.  sparks,  and  for  all  surgical  lamps.  If  the  latter  are  not  wanted, 
the  prices  of  1642  or  1643  will  be  reduced  by  .^i  los. 
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No.  1643.  Similar  rheostat,  but  with  a total  resistance  of  12  ohms, 

for  200  to  230-volt  supplies £J5  q q 

(A  photograph  of  this  apparatus,  similar  to  Fig.  1642,  can  be  had  on  application.) 

The  price  of  the  rheostats  1642  and  1643  may  be  reduced  about  25  per  cent,  if 
the  following  alterations  are  made  Dark  oak,  or  mahogany  board  instead  of  the 
slate  slab,  diameter  of  the  platinoid  wire  in.  instead  of  |th  in.,  and  a cheaper  kind 
of  switch.  Before  ordering  a rheostat  of  this  cheaper  pattern  it  is  necessary  to 
ascertain  the  rules  and  conditions  of  the  local  electric  light  and  fire  insurance  com- 
panies ; many  companies  refuse  to  connect  apparatus  to  their  mains  unless  they  are 
made  as  specified  under  No.  1642. 


No.  1646. 

No,  1646.  Rheostat  as  specified  under  No.  1642,  but  mounted  on 
an  iron  table.  Fig.  1646,  with  marble  slab.  It  can 
easily  be  wheeled  about  in  the  wards  of  hospitals. 

For  I oo-volt  supplies  ...  ...  •••  ...£17’  0 
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No.  1647.  Similar  rheostat,  for  220-volt  supplies  ... 

If  the  number  of  volts  is  made  variable  too,  for  utilising  the  rheostat 
with  an  electrolytical  interrupter  for  spark  coils,  the  prices  of  1642 — 1647 
would  be  increased  by  £2  10s. 

See  also  No.  1525,  and  page  59. 

Rheostats,  1642 — 1647,  can  be  provided  with  an  ampere  and  volt- 
meter (Nos.  966 — 975).  The  addition  of  the  two  instruments  will 
increase  the  price  by  £4  0 0 


MOTOR  TRANSFORMERS. 

(See  also  page  51.) 


No.  1664.  Motor  trans- 
former, Fig.  1664,  for 
converting  a current 
of  loo-volts  and 
about  175  amperes, 
or  200  volts  and  r'o 
ampere  into  a current 
i of  10  volts  and  10 
amperes  (100  Watt) 
£20  0 


No.  1664. 


0 


No.  1666.  Similar  transformer,  but  larger  size  to  supply  a current 

of  170  Watt  ...  ...  ...  ...  ...  ...  £28  0 0> 

No.  1668.  Similar  transformer,  large  size,  to  supply  a current  of 
600  Watt  (either  30-volt  and  20  amperes  or  44-volt 
and  14  amperes,  etc.)  ...  ...  ...  ..  ...  46  0 0 

(As  supplied  to  the  Royal  Infirmary  in  Edinburgh.) 


The  prices  quoted  for  1664 — 1668,  include  the  rheostat  required  for 
starting  and  regulating  the  speed  of  the  motors.  They  may  be  used  for 
charging  accumulators,  or  for  working  cautery  burners  or  spark  coils 
directly.  They  can  also  be  used  with  saws,  trephines,  etc.,  for  surgical 
operations. 
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No.  1675.  Rheostat,  Fig.  1675,  for 
utilising  100  to  25o-volt  continuous 
currents  with  the  help  of  accumu- 
lators for  cautery,  exciting  spark 
coils,'and  for  surgical  lamps.  'I’he 
board  is  provided  with  switch, 
fuse,  lamp,  and  two  rheostats  for 
controlling  the  discharging  current 

£4  0 0 

To  utilize  thi.s  apparatu.s  for  cautery 
an  accumulator.  No.  931,  is  wanted  in 
addition.  To  utilize  it  for  cautery  or 
spark  coils  an  accumulator  No.  933, 
is  to  be  used.  The  prices  of  the 
accumulators  are  not  included  in  the 
price  quoted  above. 


No.  1679.  Motor,  for  converting  a 
continuous  current  into  a sinusoidal 
current,  including  rheostat  for  regu- 
lating the  speed  ...  ..  £1116  0 


(As  supplied  to  Dr.  Milne  Murray,  Edinburgh.) 


No.  1675. 


No.  1679. 


As  supplied  to  : — 

Drs.  de  Ilavilland  Hall,  E.  Nettleship,  M.  Moullin,  Sir  F.  Semon,  S.  Perkins,  H.  F. 
Waterhouse,  K.  J.  Godlee,  Knox  Shaw,  Wimpole  Street;  H.  Butlin,  W.  Rose,  E.  Law, 

G.  MacDonald,  S.  Edwards,  S.  Paget,  T.  Gnffilh,  B.  Dawson,  F.  Eve,  R.  Crocker,  M. 
Morris,  P.  Jakins,  F.  Anderson,  G.  L.  Cathcart,  Watson  Cheyne,  C.  A.  Ballance,  F.  Burghard, 

H.  F.  llerring,  C.  E.Woakes,Walsham,  Harley  Street ; S.  Mackenzie,  J.  Hutchinson,  V.  Horsley, 
D.  Maddock,  Cavendish  Square  ; Warner,  Brechin  Place  ; G.  .Schorstein,  A.  E.  Bridger, 
Portland  Place;  B.  Pollard,  G.  Herschell,  C.  Williams,  E.  Roughton,  D.  Wright,  Queen 
Anne  .Street ; G.  Carpenter,  S.  .Spicer,  F.  C.  Wallis,  Welbeck  Street ; P.  Whitcoml>e, 
Earl's  Court  Road  ; W.  R.  Holmes,  W.  Powell,  Burlington  Street;  S.  Beauchamp,  Cromwell 
Road;  .\.  Allport,  Milk  Street;  A.  Roiith,  A.  Bowloy,  Manchester  Square;  T.  Pringle, 
Seymour  Street;  Reg.  Harrison,  Lower  Berkeley  Street;  A.  Whitfield,  Up^>er  Berkeley 
Street;  M.  Jones,  West  lind  Lane;  A.  Cooper,  Henrietta  Street;  C.  Swan,  Devonj>ort 
Street;  R.  Owen,  Devonshire  Terrace;  W.  Kel.son,  Queen  .Street;  l^.  White,  Weymouth 
Street ; Anderson,  New  Cavendish  Street ; Brow,  Russell  Square  ; Bourke,  Moreton  Gardens; 
Roxburgh,  Bryanston  Street ; Wornum,  Belsizc  Pask  ; Lewis,  Hamilton  Terrace,  etc.,  etc., 
London. 


S5>  ^VigiHore  Street,  London,  IV. 
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ALTERNATING  CURRENT  SUPPLIES. 

(See  also  pages  52 — 54). 

No.  1680.  Schall’s  Portable  Trans- 
former, Fig.  1680,  for  cautery  and 
surgical  lamps  on  polished 


slate 


plate.  The  current  for  cautery  can 
be  varied  between  6 and  20  amperes, 
and  the  current  for  light  between  4 
and  15  volts,  without  any  jumps. 
Cautery  and  light  can  be  used 
simultaneously  ...  •■•£4  0 


0 


Size  ; 9^  X 9:1^  X 2^  inches.  (See  foot  notes 
No.  1680.  on  pages  140  and  141.) 

To  keep  a platinum  burner  incandescent  for  a full  hour,  this  apparatus  consumes 
only  about  half  a unit  of  electricity  (price  about  3d.). 


No.  1681.  Similar  transformer,  for  cautery  only,  or  for  light  only  ...£3  0 0 

No.  1685.  A.  B.  Woake’s  transformer...  ...  ...  ...  ...6  0 0 


No.  1690. 


No.  1690.  Motor  transformer,  for  converting  an  alternating  current 
into  a continuous  current  (see  page  54),  prices  for  the 
various  sizes  on  application. 


/-u  u Newport  ; Ridley,  Palmer,  Newcasile-on-Tyne ; Pruen,  Mouatt  Biggs, 

Cheltenham:  Claremont,  Alexander,  Southey,  Robertson,  Southsea ; Groome,  New  Cross ; 
Ross,  Bournemouth  ; Cassidi,  Derby ; Cooke,  Cambridge  ; Pearson,  Cork ; Murray, 
Johannesburgh,  etc.  > > 

Col'ege,  Charing  Ct^oss,  and  St.  Thomas’s  Hospitals;  Infirmary,  Leicester; 
Addenbrooke  s Hospital,  Cambridge ; Throat  Hospital,  Great  Portland  Street;  London 
Homoeopathic  and  VS^stmmster  Hospitals ; General  Infirmary,  Leeds  ; St.  Peter’s  Hospital, 
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CONTINUOUS  OR  ALTERNATING  CURRENT  SUPPLIES. 


No.  1695.  Rheostat  for  utilising  sur- 
gical lamps  requiring  between  4 volts 
and  20  volts  from  100  volts  supplies 

£3  0 0 

As  supplied  to  : — 

Milne  Murray,  Edinburgh ; Hurry  Fenwick, 

Savile  Row,  G.  Makins,  Charles  Street,  B. 

O’Connor,  Arlington  Street,  London  ; M.  Griegg, 

Dundee ; New  General  Hospital,  Birmingham ; 

Royal  Infirmary,  Edinburgh,  Queen’s  Hospital, 

Birmingham,  &c.  &c. 

No.  1696.  Similar  rheostat,  with  2 
lamps,  for  2 30  volt  supplies,  Fig.  1 696 

£3  9 0 

No.  1698.  Portable  rheostat  for  sur- 
gical lamps,  arranged  in  a polished 
mahogany  case,  5^  X 1 1 X 7 inches 

£4  0 0 


ILLUMINATING  INSTRUMENTS. 


To  be  used  with  the  current  supplied  from  dynamos. 


No.  1710. 


No.  1710.  Dr.  MacDonald’s  Lamp 
with  bull’s  eye,  for  throat,  nose,  ear 
and  eye  examination,  and  for  surgical 
and  dental  operations.  The  lamps  are 
movable  in  all  directions : They  can 
be  taken  off  the  bracket  to  be  used 
as  hand  lamps.  Price,  with  parallel 
bracket,  as  shown  in  illustration,  and 
with  a 32-candle  power  focus  lamp 

£4  6 0 


As  supplied  to  : — 

Drs.  Nettleship,  W.  Rose,  V.  Horsley,  F. 
Semon,  W.  Roughton,  S.  Spicer,  S.  Laiarus,  A.  B. 
Rendel,  P.  Wornum,  G.  Wilkin,  Ridge  Jones,  C. 
Cathcart,  W.  Anderson,  L.  Stevens,  A.  Warner, 
B.  Howard,  G.  Carpenter,  P.  Wornum,  Lennox 
Brown,  W.  Aiken,  C.  Stephen,  F.  Morison,  London : 
Drs.  MacIntyre,  Glasgow  ; Bickerton,  Liverpool ; 
Elliot,  Chester ; Ross,  Bournemouth ; Lodge, 
Bradford ; Macleod,  Sydenham ; Gruenbaum, 
Permewan,  Liverpool  Milligan,  Bark,  Manchester ; 
Murray,  Ridley,  * Newcastle  ; Dobie,  Chester  ; 
Grubb,  Ealing  ; Spain,  Norwich  ; Nicol,  Leeds ; 
Royston,  Liverjwol ; Benthall,  Derby ; Irvine, 
Johannesburg,  etc.,  etc. 


143 


55,  Wigtnore  Stfeet,  Londo?i,  VV. 


With  an  ordinary  frosted  lamp,  the  price  would  be  6/-  less. 

Focus  lamps  of  other  candle  power  can  be  supplied  if  desired. 

No.  1 7 1 2.  The  same  lamp,  without  the  bracket,  but  with  a clamp  (C); 

by  means  of  which  it  can  be  easily  fixed  to  any  existing 

gas  bracket  ...  •••  ••  ■■■£2  9 0 

There  is  absolutely  no  trace  of  the  filament  visible  after  the  light  has 
been  reflected  by  the  ordinary  concave  head  mirrors. 

No.  1715.  Dr.  MacDonald’s  Lamp  on  stand  5 feet  high,  with  lens 

and  focus  lamp  of  3 2 -candle  power,  Fig.  1715  ...£4  0 0 


No.  1717- 
No.  1718. 


Edison  Swan’s  Focus  Lamps,  of  32  or 
100  volts  ...  • • •••  ' 

Do.  do.  do. 


qo  candles, 

0 10  6 

200  volts  0 14  6 


In  ordering,  please  state  the  number  of  volts  and  candle  power  required. 


No.  1715. 


No.  1720. 

No.  1720.  Iris  Diaphragrrii,  for  utilis- 
ing any  of  the  above  lamps,  for 
ophthalmoscopic  purposes.  Fig. 
1720  ...  ...  ...  ...£1  1 0 

As  supplied  to  : — 

Dr.  Nettlcship,  Mr.  Hutchinson,  and  Dr. 
Morrison,  London  ; Dr.  Bickerton,  Liverpool ; 
Dr.  Claremont,  Southsea ; Royal  Infirmary, 
Manchester  ; General  Infirmary,  Birmingham  ; 
Royal  Infirmary,  Aberdeen,  and  many  others. 

This  can  be  added  to  any  existing 
lamp,  Figs.  1710  or  1715.  The  lens, 
which  is  held  by  a bayonet  catch,  is 
removed,  and  a frosted  glass  plate, 
bearing  an  Iris  diaphragm,  is  inserted 
instead. 


Royal  Victoria  Hospital,  Bournemouth ; Addenbrooke’s  Hospital,  Cambridge ; Royal 
Infirmaries,  Glasgow,  Manchester  and  Aberdeen ; New  General  Hospital,  Birmingham ; 
Manchester  Ear  Hospital;  Infirmary,  Halifax;  Royal  Free  Hospital;  Throat  Hospital,  Great 
Portland  Street ; Queen’s  Hospital,  Birmingham,  &c.  &c. 
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Hy  means  of  this  diaphragm  the  intensity  of  the  light  can  be  varied 
between  and  20  candles,  without  varying  hi  any  way  the  colour  of  the 
light,  which  is  all  important  for  ophthalmoscopic  purposes,  and  the  frosted 
glass  destroys  any  trace  of  the  carbon  filament. 


No.  1725.  Bull’s  eye  lamp  on  stand. 

Fig.  1725,  with  a “Queen”  lamp,  for 
throat,  nose,  ear,  etc.,  examinations 
and  for  surgical  operations  ...£3  6 0 

No.  1728.  Spare  “Queen”  lamps, 
of  32  or  50-candle  power,  100  volts 

£0  3 6 

No.  1729.  Similar  lamps,  for  200  volt 
supplies  £0  5 0 


No.  1725. 


No.  1735. 


No.  1735.  Hand  lamp,  with  reflector  and  switch 
No.  1737.  Similar  lamp,  with  bull’s  eye 


...£1  15  0 
...  3 15  0 


ELECTRIC  LIGHT  AND  HOT  AIR  BATH. 

The  good  results  obtained  by  sunlight  bath  have  induced  several 
doctors— Dr.  Kellog,  in  Battle  Creek,  Michigan,  seems  to  have  been  the 
first,  in  1889— to  try  whether  similar  results  could  not  be  achieved  with 
the  electric  light,  in  order  to  be  independent  of  sunshine.  The  results 
were  so  favourable  that  many  men  took  up  this  method,  and  for  some 
time  it  has  been  u.sed  in  this  country,  and  the  “Lancet”  and  “British 
Medical  Journal  ” brought  very  favourable  reports  about  this  kind 
of  treatment  in  cases  of  gouty  and  rheumatic  affections,  neuralgia, 

sciatica,  obesity,  asthma,  etc. 
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The  electric  light  bath  has  the  advantage  over  the  1 urkish  bath, 
that  it  does  not  affect  the  action  of  the  heart,  no  doubt  because  the 
patients  breathe  air  of  normal  temperature.  Professor  Wmternitz,  of 
Vienna,  writes : — 


“The  effect  of  bright  light  on  the  body  produces  a very  strong 
perspiration  in  incredibly  short  time,  sometimes  long  before  the  temperature 
of  the  air  surrounding  the  body  shows  a material  increase.  On  many 
occasions,  I noticed  that  the  skin,  under  the  influence  of  the  light,  showed  a 
profuse  perspiration  while  the  air  was  only  8o°  Far.  Perspiration  is  produced, 
no  doubt,  by  the  direct  influence  of  the  light  rays  on  the  skin,  and  by  radiant 
heat,  and  the  circulation  is  not  materially  affected  by  this  method.” 


The  regulation  of  the  intensity  of  light  and  temperature  is  very 
simple  in  our  apparatus,  which  can  be  used  without  further  preparation 
wherever  the  electric  light  is  available. 


No.  i8oo.  No.  j8ooa. 

No.  i8oo.  Prof.  Wintermitz’s  apparatus  with  48  lamps  in  sexagonal 
cupboard,  with  2 doors  (walnut  or  mahogany).  The 
walls  inside  are  lined  with  mirrors.  The  patient  sits 
on  a seat  made  of  glass  rods.  The  lamps  are  switched 
on  or  off  in  groups  of  8 at  a time,  and  a thermometer 
indicates  the  temperature.  The  two  illustrations  show 
the  apparatus  closed  and  open.  Price,  complete  ...  £40  0 0 


L 
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No.  1810. 


No.  1810.  Apparatus  as  shown  in  Fig.  1810,  with  36  lamps  ...  £37  0 0 

Apparatus  for  the  local  applications  of  light  and  radiant  heat  to 
a.rms  or  legs  only,  are  made  to  order.  Photographs  and  estimates  can 
be  had  on  application. 

No.  1825.  Apparatus  for  local  applications  of  light  and  radiant 
heat  to  a patient  lying  in  bed  ; 6 lamps,  2 switches  and 
fuse,  mounted  on  a reflector  ...  ...  ...  •••  £5  10  0 


No.  1840.  .Apparatus  for  applying  locally  currents  of  hot  air 
(suggested  by  \\\  Taylor,  M.D.,  Kdin.  See  “Lancet,” 

Nov.  26,  1898,  page  1385)  ...  ...  •••  •••  3 0 0 

The  current  from  the  main,  after  having  passed  through  a lamp  resistance. 
No.  952,  heats  a spiral  of  fine  platinum  wire  wound  on  a glass  tube.  I his  glass  tube 
is  enclosed  in  another,  larger  one,  through  which  a current  of  air  is  lilown  by  means 
of  large  double  bellows  or  by  a fan  The  temperature  of  tlie  air  can  be  varied,  and 
raised  up  to  several  hunrlred  degrees  I'ahr. 


55,  IVigmore  Street,  London,  IV. 
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VARIOUS  INSTRUMENTS. 


No.  2001.  Invalid’s 
Bell,  complete  with 
large  dry  cell,  3-inch 
bell,  12  yards  of  flex- 
ible cord,  and  push 

£0  18  0 

No.  2002.  Electpo- 
magrnet,  with  5 
different  points,  for 
removing  pieces  of 
iron  or  steel  from 
the  eye  £1  6 0 


No.  2000. 


No.  2002. 


No.  2005.  Large  ElectPO- 
magnet  to  be  con- 
nected with  100  or  200 
volts  continuous  cur- 
rents from  dynamos  ...  £6  0 0 

No.  2007.  Prof.  Haub’s 
Double  Pole  Mag^net 
with  table  ...  ...  24  0 0 


No.  2005. 


No.  2018.  Bullet  Findep  £0  8 6 

In  a narrow  metal  tube  two  needles  are  fixed,  insulated  from  each  other,  their  points 
reaching  beyond  the  end  of  the  tube.  The  apparatus,  when  connected  up  with  one  cell  and 
a galvanometer  or  electric  bell,  will  deflect  the  galvanometer  or  ring  the  bell  immediately 
both  points  are  brought  into  contact  with  a metallic  body. 

No.  2020.  Wheatstone’s  Universal  Measuring  Bridge,  after  Prof. 

Kohlrausch,  with  resistances  of  i,  10,  100  and  1000 

ohms,  and  bridge  wire.  Fig.  2020  ...  ...  ...  £6  10  0 
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No.  2020. 


This  bridge  is  especially  arranged  for  quick  measurements  with  direct  reading  of  the 
resistances  of  the  human  body,  etc.,  and  is  accurate  for  resistances  between  about  2 ohms 
and  10,000  ohms.  For  measuring  the  resistance  of  fluids  it  is  best  to  use  the  alternating 
current  and  a telephone  (price  17  -)  for  measuring  the  resistance  of  solid  bodies,  the 
continuous  current,  with  galvonometer  Nos.  277  or  278,  had  better  lae  used. 

The  bridge  is  used,  by  Drs.  Althaus,  Gamgee,  Milne  Murray,  .Stone,  Turner, 
Guy  s Hospital,  &c. 


No.  2025.  Centrifugal  Machine  for  examining  blood,  urine, 
milk,  etc.,  with  12  testing  tubes,  and  case  containing 
pipette,  burette,  &c.,  suggested  by  Prof.  Gaertner  £3  0 0 


As  supplied  to  Charing  Cross 
Hospital,  Westminster  Hospital, 
North  - Eastern  Hospital  for 
Children,  Dr.  Keser,  .St.  George’s 
Hospital,  Owen’s  College  (Man- 
chester), Dr.  M.  Murray,  Dr. 
Keightley,  Mr.  Fenwick,  Royal 
Infirmary,  Liverpool,  &c.,  &c. 


No.  2025. 


Hy  means  of  this  apparatus,  the  red  parts  of  a drop  of  blood  can  easily  be 
separated  from  the  serum  within  a few  minutes,  and  the  exact  proportion  can  be  read 
on  a scale  in  %.  The  sediments  of  urine,  etc.,  are  also  obtained  within  a few  minutes, 
and  the  chemical  analysis  can  be  begun  at  once  ; this  is  of  great  importance  in  some 
cases  of  disease,  and  in  hot  climates.  Printed  instructions  for  examining  blood,  etc., 
are  sent  with  the  apparatus. 

The  instrument  is  simpler  than  any  other  centrifugal  machine.  There  is  no  need 
to  drive  it  by  hand  all  the  time.  It  is  started  like  a spinning  top,  by  the  jiulling  of 
a cord,  and  the  machines  are  so  well  made  that  they  keep  rotating  for  some  ten 
minutes. 
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No.  2027.  C6ntFifug’8.1 
machine,  connected  with  an 
electric  motor.  The  motor 
can  be  arranged  either  for  a 
lo-volt  current  from  a bat- 
tery, or  the  too  or  200-volt 
currents  from  dynamos  (con- 
tinuous or  alternating  cur- 
rents). 

£6  10  0 

In  ordering,  please  state  the 
source  of  electricity  with  which 
it  is  to  be  used. 

No.  2027. 


No.  2030. 


No.  2030.  Electric  motor  for  pneumatic  massag’e  of  the  ear. 

The  pump  attached  to  the  motor  compresses  and 
evacuates  the  air  alternately,  once  with  every  revolution 
of  the  armature.  Fig.  2030  ...  ...  ...  ...  £7  10  0 


As  supplied  to  Drs.  Law,  Greville  MacDonald,  etc.,  etc, 


No.  2040. 

No.  2040.  Apparatusifor’grenerating:  ozone,  complete  ...  £5  10  0 
(To  work  the  coil  a 2 to  6-ccll  batter)'  i.s  required  ; accumulators, 
large  bichromate  cells,  or  very  large  dry  cells  will  do.) 

No.  1043.  Tube  for  generating:  ozone  (to  be  connected  with 

any  spark  coil  used  for  Rontgen  Photography)...  ...  £1  5 0 


A'.  SCHAI.L, 


No.  2032. 


No.  2032.  Similar  pump,  but  the  electrical  motor 
is  replaced  by  a fly  wheel  to  be  driven  by  the 
hand. 

£4  4 0. 


55,  Wigmore  Street,  London,  W. 
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No.  2050. 


D’Arsonval’s  apparatus  for  producing-  hig-h  frequency  currents. 

The  spark  coils  used  for  Roptgen  photographs  can  be  used  for  this  apparatus,  too. 

No.  2050.  D’Arsonval  transformer,  with  2 large  Leyden  jars,  etc., 
as  shown  in  Fig.  2050  (price  does  not  include  the  spark 
coil)  £5  10  0 

No.  2055.  D’Arsonval’s  solenoid  to  enclose  a patient  in  upright 

position  (photograph  on  application)  ...  ...  ...  810  0 


No.  2070.  Water  kettle  for 
sterilizing  instruments. 

Fig.  2070  ...  £3  10  0 

The  space  available  for  the  re- 
ception of  instruments,  has  a 
diameter  of  3^  ins.,  and  a depth 
of  7 ins.  The  apparatus  has  to 
be  connected  with  the  100  or  200- 
volt  currents  supplied  for  lighting 
houses. 


No.  2070. 
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No.  2075.  Apparatus  for  the  supply 
of  hot  water,  Fig.  2075 

£8  0 0 

This  apparatus  has  to  be  connected  with 
the  ordinary  water  supply  and  the  electric 
light  wires.  The  tap  turns  the  water  and 
the  electric  current  on  or  off,  so  that  there 
can  be  no  waste  of  current.  Hot  water  is 
obtained  almost  immediately. 


No.  2075. 

No.  1890.  Javal  Schioetz 
Ophthalmometer,  with  im- 
proved transparent  figure 
plates  (as  supplied  to  Moor- 
fields  Ho.spital).  £18  0 0 

In  the  old  instruments,  the  light  is 
reflected  from  enamelled  plates,  but 
in  this  new  instrument,  candles  or 
electric  lamps  are  placed  behind  trans- 
parent plates.  This  is  a great  im- 
provement, the  images  on  the  patient’s 
eye  are  more  distinct  and  clear. 

No.  1892.  Iron  Table  for  the 
above  apparatus  £ 1 1 2 0 


No.  1890. 


No.  1897.  Laryng:o 
Stroboscope  ...  £5  15  0 

This  instrument  has  l)cen  con- 
structed to  make  it  possible  to  see 
the  single  vibrations  of  the  vocal 
cords.  The  sirene  fixed  on  the 
head-band  has  to  l>c  worked  by  an 
electric  motor. 


55,  Wigmore  Street^  London,  IV. 


153 


CONTENTS  OF  THE  PRICE  LIST. 


PAGES 

Faradisation- 

Portable  Coils  with  Acid' or  Dry  Cells  ; Spamer’s,  Gaiffe’s,  Taube’s, 

Lewis  Jones’  Coils,  etc.  ...  ...  ...  ...  68-70 

Dubois  Raymond’s  Sledge  Coils,  de  Watteville’s  Coil,  Coils  for 
Operating  Theatres,  for  Physiological  purposes,  and  Cells  for 
working  Coils  ...  ...  ...  ...  ...  7i~74 

Galvanisation  and  Electrolysis  — 

Acid  Batteries  ...  ...  ...  ...  ...  ...  75-76 

Portable  Leclanche  Batteries  with  Liquid  or  Dry  Cells  ...  76-79 

„ Leclanche  Batteries  for  Hospitals  or  Consulting  Rooms  80-82 

Apparatus  for  utilising  Currents  from  Dynamos  for  Galvanisation 

and  Electrolysis  ...  ...  ...  ...  ...  1 30-1 34 

Electric  Bath  ...  ...  ...  ...  ...  ...  83 

Current  Collectors,  Current  Reversers,  etc.  ...  ...  84 

Galvanometers  (Milliampere  meters)  for  Galvanisation  and 

Electrolysis  ...  ...  ...  ...  ...  ...  85-87 

Rheostats  for  Galvanisation  and  Electrolysis  ...  ...  ...  87-88 

Cords,  Handles,  Electrodes,  Plates,  Brushes,  wheel  Electrodes,  etc.  88-92 

Electrodes  for  Electrolysis,  Needle  Holders,  complete  set  for 
Epilation,  Electrodes  for  treating  Strictures,  and  for  Apostoli’s 

method  ...  ...  ...  ..  ...  ...  93-95 

Franklinisation  (Static  Electricity),  Wimshurst  Machines  ...  96-98 

Accumulators  for  Surgical  Lamps,  Cautery,  Motors,  Spark  Coils,  etc.  98-100 

Resistances  for  Charging  Accumulators,  Amperemeters, 
Voltmeters,  Rheostats,  for  Surgical  Lamps,  Motors,  Cautery, 

Spark  Coils,  etc.,  etc.  ...  ...  ...  ...  100— 101 

Bichromate  Batteries  for  Cautery,  Spark  coils.  Motors, 

Surgical  lamps,  etc.,  etc.  ...  ...  ...  ...  ...  102-104 

Instruments  for  Galvanic  Cautery,  handles,  burners,  etc.,  etc 105-108 

Batteries  for  Surgical  Lamps  with  Acid  or  Dry  Cells  ...  ...  108-109 

Instruments  for  Electric  Light- 

Laryngoscope,  Tongue  Depressor,  Vaginoscope,  Otoscope, 

Forehead  Lamps,  Hand  Lamps,  Urethroscopes,  Cystoscopes, 

etc.,  etc.  ...  ...  ...  ...  ...  ...  110-119 

M 


^54  K.  SC  HALL,  55,  Wigmore  Street,  Lotidon,  iV. 


Motors  for  Surg-ical  and  Dental  purposes— 

Motors  for  applying  Massage  and  Rapid  Vibrations  to  Joints, 
Motors  for  driving  Static  Machines,  Ventilators,  etc. 

Motors  for  Pneumatic  Massage  of  the  Ear,  and  for  driving 
Centrifugal  Machines 

Cataphoresis,  Complete  outfit  for 

Apparatus  for  producing-  Roentg-en  X-Rays— 

Spark  Coils,  Motor  Interruptors,  Dr.  Wehnelt’s  Electrolytical 
Interruptor,  Volt  Selector,  Focus  Tubes,  Actinometer, 
Stands  for  Tubes,  Fluorescent  Screens,  Accelerating  Screens, 
Photographic  Utensils  and  Materials,  Complete  set  for 
Roentgen  Rays 

Apparatus  for  utilising-  Currents  from  Dynamos  for— 
Galvanisation,  Electrolysis  and  Faradisation 
Cautery  and  Spark  Coils... 

Motor  Transformers 

Alternating  Current  'fransformers  for  Cautery 
Rheostats  for  Surgical  lamps 

Lamps  for  e.xamining  Larynx,  Ear,  Eye,  and  Lamps  for  Surgica 
Operations 

Electric  Lig-ht  and  Hot  Air  Bath 
Various  Instruments — 

Invalid’s  Bell,  Electro  Magnets  for  Ophthalmoscopic  purposes  .. 
Wheatstone  Bridges  for  measuring  Resistances 
Centrifugal  Machines  for  examining  Blood,  Urine,  etc. 

Apparatus  for  Pneumatic  Massage  of  the  Ear 
Apparatus  for  generating  Ozone 
Water  Kettle  for  sterilising  instruments 

I)’Arsonvars  apparatus  for  generating  and  applying  high  frequenc) 
currents 

Ophthalmometer  (Javal-Schioetz)  ... 

Laryngo  Stroboscope 


PAGES 

1 20-124 

149 

124 


125-131 

132-136 

137-139 

139-141 

141 

142 


142-144 

144-146 

147 

147- 148 

148- 149 

1 49-  1 50 

150 

151 

151 

152 
152 


> 


